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METHODS AND COMPOSITIONS FOR INHIBITION OF MEMBRANE 
FUSION-ASSOCIATED EVENTS. INC ITING HTV TRANSMISSION 

This is a Continuation-In-Part of Serial No* 
08/360,107 filed December 20, 1994, which is a 
5 Continuation- In-Part of Serial No. 08/255,208 filed 
June 7, 1994, which is a Continuation-In-Part of 
Serial No. 08/073,028 filed June 7, 1993, each of 
which is incorporated herein by reference in its 
entirety. This invention was made with Government 
10 support under Grant No, AI-304 11-02 awarded by the 
National Institutes of Health, The Government has 
certain rights in the invention . 

1. INTRODUCTION 

15 The present invention relates, first, to DP178 

(SEQ ID NO:l), a peptide corresponding to amino acids 
638 to 673 of the HIV-1^, transmembrane protein (TM) 
gp41, and portions or analogs of DP178 (SEQ ID NO:l), 
which exhibit anti-membrane fusion capability, 

2 0 antiviral activity, such as the ability to inhibit HIV 
transmission to uninfected CD-4 + cells, or an ability 
to modulate intracellular processes involving coiled- 
coil peptide structures. Further, the invention 
relates to the use of DP 17 8 (SEQ ID NO:l) and DP178 

25 portions and/or analogs as antifusogenic or antiviral 
compounds or as inhibitors of intracellular events 
involving coiled-coil peptide structures. The present 
invention also relates to peptides analogous to DP107 
(SEQ ID NO: 25), a peptide corresponding to amino acids 

30 558 to 595 of the HIV-l^ transmembrane protein (TM) 
gp41, having amino acid sequences present in other 
viruses, such as enveloped viruses, and/or other 
organisms, and further relates to the uses of such 
peptides. These peptides exhibit anti-membrane fusion 

35 capability, antiviral activity, or the ability to 
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modulate intracellular processes involving coiled-coil 
peptide structures. The present invention 
additionally relates to methods for identifying 
compounds that disrupt the interaction between DP178 
and DP107, and/or between DP107-like and DP178-like 
peptides. Further, the invention relates to the use 
of the peptides of the invention as diagnostic agents. 
For example, a DP178 peptide may be used as an HIV 
subtype-specific diagnostic. The invention is 
demonstrated, first, by way of an Example wherein 
DP178 (SEQ ID:1), and a peptide whose sequence is 
homologous to DP178 are each shown to be potent, non- 
cytotoxic inhibitors of HIV-l transfer to uninfected 
CD-4* cells. The invention is further demonstrated by 
Examples wherein peptides having structural and/ or 
amino acid motif similarity to DP107 and DP178 are 
identified in a variety of viral and nonviral 
organisms, and in examples wherein a number of such 
identified peptides derived from several different 
viral systems are demonstrated to exhibit antiviral 
activity - 



2. PAQKGROUNP Of THE INVENTION 
2.1 MEMBRANE FUSION EVENTS 
Membrane fusion is a ubiquitous cell biological 
process (for a review, see White, J.M. , 1992, Science 
£54:917-924) . Fusion events which mediate cellular 
housekeeping functions, such as endocytosis, 
constitutive secretion, and recycling of membrane 
components, occur continuously in all eukaryotic 
cells. 

Additional fusion events occur in specialized 
cells. Intracellular ly , f or example, fusion events 
are involved in such processes as occur in regulated 
exocytosis of hormones, enzymes and neurotransmitters. 
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Intercellularly, such fusion events feature 
prominently in, for example, sperm-egg fusion and 
myoblast fusion. 

Fusion events are also associated with disease 
states. For example, fusion events are involved in 
the formation of giant cells during inflammatory 
reactions, the entry of all enveloped viruses into 
cells, and, in the case of human immunodeficiency 
virus (HIV) , for example, are responsible for the 
virally induced cell-cell fusion which leads to cell 
death. 

2 - 2 - THE HUMA N IMMUNODEFICIENCY VIRUS 

The human immunodeficiency virus (HIV) has been 
implicated as the primary cause of the slowly 
degenerative immune system disease termed acquired 
immune deficiency syndrome (AIDS) (Barre-sinoussi, F. 
e£_al., 1983, Science 22fl: 868-870; Gallo, R. et al. . 
1984, Science 224:500-503). There are at least two 
distinct types of HIV: HIV-l (Barre-sinoussi, F. et 
^' 1983 ' Science 220:868-870; Gallo R. et al. . 1984, 
Science 224:500-503) and HIV-2 (Clavel, F. et al- , 
1986, Science 2^3:343-346; Guyader, M. et al, . 1987, 
Nature 226:662-669). Further, a large amount of 
genetic heterogeneity exists within populations of 
each of these types. Infection of human CD-4 + T- 
lymphocytes with an HIV virus leads to depletion of 
the cell type and eventually to opportunistic 
infections, neurological dysfunctions, neoplastic 
growth, and ultimately death. 

HIV is a member of the lentivirus family of 
retroviruses (Teich, N. et al. . 1984, RNA Tumor 
Viruses, Weiss, R. et fl l t , eds., CSH-Press, pp. 949- 
956) . Retroviruses are small enveloped viruses that 
contain a diploid, single-stranded RNA genome, and 
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replicate via a DNA intermediate produced by a 
viral ly-encoded reverse transcriptase, an FNA- 
dependent DNA polymerase (Varmus, H., 1988, Science 
240 : 1427-14391 > Other retroviruses include, for 
example, oncogenic viruses such as human T-cell 
leukemia viruses (HTLV-I, -II, -III) , and feline 
leukemia virus* 

The HIV viral particle consists of a viral core, 
composed of capsid proteins, that contains the viral 
RNA genome and those enzymes required for early 
replicative events. Myristylated Gag protein forms an 
outer viral shell around the viral core, which is, in 
turn, surrounded by a lipid membrane enveloped derived 
from the infected cell membrane* The HIV enveloped 
surface glycoproteins are synthesized as a single 160 
Kd precursor protein which is cleaved by a cellular 
protease during viral budding into two glycoproteins, 
gp41 and gpl20. gp41 is a transmembrane protein and 
gpl20 is an extracellular protein which remains non- 
covalently associated with gp41, possibly in a 
trimeric or multimeric form (Hamroarsk jold, M. and 
Rekosh, D., 1989, Biochem. Biophys. Acta 9fi£:269-280) . 

HIV is targeted to CD-4* cells because the CD-4 
cell surface protein acts as the cellular receptor for 
the HIV-1 virus (Dalgleish, A. et al. . 1984, Nature 
312 :763-767: Klatzmann et al. . 1984, Nature £12:767- 
768; Maddon et al* . 1986, Cell 11:333-348), Viral 
entry into cells is dependent upon gpl20 binding the 
cellular CD-4* receptor molecules (McDougal, J.S. et 
al* . 1986, Science 2A1: 382-385; Maddon, P*J. et al* . 
1986, Cell £7:333-348) and thus explains HIV's tropism 
for CD-4 + cells, while gp4l anchors the enveloped 
glycoprotein complex in the viral membrane* 



35 
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2.3. HIV TREATMENT 

HIV infection is pandemic and HIV associated 
diseases represent a major world health problem* 
Although considerable effort is being put into the 
successful design of effective therapeutics, currently 
no curative anti-retroviral drugs against AIDS exist. 
In attempts to develop such drugs, several stages of 
the HIV life cycle have been considered as targets for 
therapeutic intervention (Mitsuya, H. et al. . 1991, 
FASEB J. £: 2369-2381) . For example, virally encoded 
reverse transcriptase has been one focus of drug 
development. A number of reverse-transcriptase- 
targeted drugs , including 2 ' , 3 ' -dideoxynucleoside 
analogs such as AZT, ddl, ddC, and d4T have been 
developed which have been shown to been active against 
HIV (Mitsuya, H. et al. . 1991, Science 249 : 1533-1544 ) . 
While beneficial, these nucleoside analogs are not 
curative, probably due to the rapid appearance of drug 
resistant HIV mutants (Lander, B. et al. . 1989, 
Science 213:1731-1734). In addition, the drugs often 
exhibit toxic side effects such as bone marrow 
suppression, vomiting, and liver function 
abnormalities. 

Attempts are also being made to develop drugs 
which can inhibit viral entry into the cell, the 
earliest stage of HIV infection. Here, the focus has 
thus far been oh CD4 , the cell surface receptor for 
HIV. Recombinant soluble CD4, for example, has been 
shown to inhibit infection of CD-4* T-cells by some 
HIV-l strains (Smith, D.H. et al. - 1987, Science 
1704-1707) . Certain primary HIV-l isolates, 
however, are relatively less sensitive to inhibition 
by recombinant CD-4 (Daar, E. et al. . 1990, Proc. 
Natl. Acad. Sci. USA £7:6574-6579). *n addition, 
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recombinant soluble CD- 4 clinical trials have produced 
inconclusive results (Schooley, R. et al . . 1990, Ann. 
Int. Med. 112 :247-253; Xahn, J*0. et al. . 1990, Ann* 
Int. Med. Hi: 254-261; Yarchoan, R. et al. . 1989, 
Proc. Vth Int. Conf. on AIDS, p. 564, MCP 137). 

The late stages of HIV replication, which involve 
crucial virus-specific secondary processing of certain 
viral proteins, have also been suggested as possible 
anti-HIV drug targets. Late stage processing is 
dependent on the activity of a viral protease, and 
drugs are being developed which inhibit this protease 
(Erickson, J. , 1990, Science 249 :527-533). The 
clinical outcome of these candidate drugs is still in 
question. 

Attention is also being given to the development 
15 of vaccines for the treatment of HIV infection. The 
HIV-l enveloped proteins (gpl60, gpl20, gp4l) have 
been shown to be the major antigens for anti-HIV 
antibodies present in AIDS patients (Barin, et al. . 
1985, Science 228 : 1094-1096) . Thus far, therefore, 
these proteins seem to be the most promising 
candidates to act as antigens for anti-HIV vaccine 
development. To this end, several groups have begun 
to use various portions of gpl60, gpl20, and/or gp41 
as immunogenic targets for the host immune system. 
See for example, Ivanoff, L. et al . . U.S. Pat. No. 
5,141,867; Saith, G. et al. . WO 92/22,654; Shafferman, 
A., WO 91/09,872; Formoso, C. et al. . WQ 90/07,119. 
Clinical results concerning these candidate vaccines, 
however, still remain far in the future. 
30 Thus, although a great deal of effort is being 

directed to the design and testing of anti-retroviral 
drugs, a truly effective, non-toxic treatment is still 
needed. 
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3- SUMMARY OF THE TNV^Tjnp 
The present invention relates, first, to DP178 
(SEO ID:1). a 36-amino acid synthetic peptide 
corresponding to amino acids 638 to 673 of the 
transmembrane protein (TM) gp41 from the HIV-l isolate 
LAI (HIV-1^) , which exhibits potent anti-HIV-l 
activity. As evidenced by the Example presented 
below, in Section 6, the DP178 (SEQ ID:l) antiviral 
activity is so high that, on a weight basis, no other 
known anti-HIV agent is effective at concentrations as 
low as those at which DP178 (SEQ ID:1) exhibits its 
inhibitory effects. 

The invention further relates to those portions 
and analogs of DP178 which also show such antiviral 
activity, and/or show anti-membrane fusion capability, 
or an ability to modulate intracellular processes/ 
involving coiled-coil peptide structures. The term 
"DP178 analog" refers to a peptide which contains an 
amino acid sequence corresponding to the DP178 peptide 
sequence present within the gp41 protein of HIV-l UI , 
but found in viruses and/or organisms other than HIV- 
Ilai- Such DP178 analog peptides may, therefore, 
correspond to DPl78-li)ce amino acid sequences present 
in other viruses, such as, for example, enveloped 
viruses, such as retroviruses other than HIV-l^, as 
well as non-enveloped viruses. Further, such 
analogous DP178 peptides may also correspond to DP178- 
like amino acid sequences present in nonviral 
organisms. 

The invention further relates to peptides DP107 
(SEQ ID NO: 25) analogs. DP107 is a peptide 
corresponding to amino acids 558-595 of the Hiv-i^, 
transmembrane protein (TM) gp4l. The term "DP107 
analog" as used herein refers to a peptide which 
contains an amino acid sequence corresponding to the 
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DP107 peptide sequence present within the gp41 protein 
of HIV- 1^, but found in viruses and organisms other 
than HIV-l^. Such DP107 analog peptides may, 
therefore, correspond to DP107-lJJce amino acid 
sequences present in other viruses, such as, for for 
example, enveloped viruses, such as retroviruses other 
than HIV-l^, as well as non-enveloped viruses . 
Further, such DP107 analog peptides may also 
correspond to DP107-like amino acid sequences present 
in nonviral organisms* 

Further, the peptides of the invention include 
DP107 analog and DP178 analog peptides having amino 
acid sequences recognized or identified by the 
107x178x4, ALLMOTI5 and/or PLZIP search motifs 
described herein. 

The peptides of the invention may, for example, 
exhibit antifusogenic activity, antiviral activity, 
and/or may have the ability to modulate intracellular 
processes which involve coiled-coil peptide 
structures. With respect to the antiviral activity of 
the peptides of the invention, such an antiviral 
activity includes, but is not limited to the 
inhibition of HIV transmission to uninfected CD-4 + 
cells. Additionally, the antifusogenic capability, 
antiviral activity or intracellular modulatory 
activity of the peptides of the invention merely 
requires the presence of the peptides of the 
invention, and, specifically, does not require the 
stimulation of a host immune response directed against 
such peptides. 

The peptides of the invention may be used/ for 
example, as inhibitors of membrane f usion-asociated 
events, such as, for example, the inhibition of human 
and non- human retroviral, especially HIV, transmission 
to uninfected cells. It is further contemplated that 
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the peptides of the invention may be used as 
modulators of intracellular events involving coiled- 
coil peptide structures. 

The peptides of the invention may, alternatively, 
be used to identify compounds which may themselves 
exhibit antifusogenic, antiviral, or intracellular 
modulatory activity. Additional uses include, for 
example, the use of the peptides of the invention as 
organism or viral type and/or subtype-specific 
diagnostic tools. 

The terms "antifusogenic" and "anti-membrane 
fusion", as used herein, refer to an agent 's ability 
to inhibit or reduce the level of membrane fusion 
events between two or more moieties relative to the 
level of membrane fusion which occurs between said 
moieties in the absence of the peptide. The moieties 
may be, for example, cell membranes or viral 
structures, such as viral envelopes or pili. The term 
-antiviral", as used herein, refers to the compound's 
ability to inhibit viral infection of cells, via, for 
example, cell-cell fusion or free virus infection. 
Such infection may involve membrane fusion, as occurs 
in the case of enveloped viruses, or some other fusion 
event involving a viral structure and a cellular 
structure (e_^, such as the fusion of a viral pilus 
and bacterial membrane during bacterial conjugation). 

It is also contemplated that the peptides of the 
invention may exhibit the ability to modulate 
intracellular events involving coiled-coil peptide 
structures. "Modulate", as used herein, refers to a 
stimulatory or inhibitory effect on the intracellular 
process of interest relative to the level or activity 
of such a process in the absence of a peptide of the 
invention. 
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Embodiments of the invention are demonstrated 
below wherein an extremely low concentration of DPI 7 8 
(SEQ ID:1), and very low concentrations of a DP178 
homolog (SEQ ID: 3) are shown to be potent inhibitors 
of HIV-1 mediated CD-4 + cell-cell fusion (i^, 
syncytial formation) and infection of CD-4 + cells by 
cell-free virus. Further, it is shown that DP178 (SEQ 
ID:1) is not toxic to cells, even at concentrations 3 
logs higher than the inhibitory DP-178 (SEQ ID:1) 
concentration . 

The present invention is based, in part, on the 
surprising discovery that the DP107 and DP178 domains 
of the HIV gp41 protein non-covalently complex with 
each other, and that their interaction is required for 
the normal infectivity of the virus. This discovery 
is described in the Example presented, below, in 
Section 8. The invention, therefore, further relates 
to methods for identifying antif usogenic, including 
antiviral, compounds that disrupt the interaction 
between DP107 and DP178, and/or between DP107-like and 
DP178-like peptides. 

Additional embodiments of the invention 
(specifically, the Examples presents in Sections 9-16 
and 19-25, below) are demonstrated, below, wherein 
peptides, from a variety of viral and nonviral 
sources, having structural and/or amino acid motif 
similarity to DP107 and DP178 are identified, and 
search motifs for their identification are described. 
Further, Examples (in Sections 17, 18, 2 5-29) are 
presented wherein a number of the peptides of the 
invention are demonstrated exhibit substantial 
antiviral activity or activity predictive of antiviral 
activity. 
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3-1. PEFINTTTOf lfi 

Peptides ars defined herein as organic compounds 
comprising two or more amino acids covalently joined 
by peptide bonds. Peptides may be referred to with 
respect to the number of constituent amino acids, 

a dipeptide contains two amino acid residues, a 
tripeptide contains three, etc. Peptides containing 
ten or fewer amino acids may be referred to as 
oligopeptides, while those with more than ten amino 
acid residues are polypeptides. Such peptides may 
also include any of the modifications and additional 
amino and carboxy groups as are described herein. 

Peptide sequences defined herein are represented 
by one-letter symbols for amino acid residues as 
follows: 



A (alanine) 
R (arginine) 
N (asparagine) 
D (aspartic acid) 
C (cysteine) 

20 3 (glutamine) 

E (glutamic acid) 

G (glycine) 

H (histidine) 

I (isoleucine) 

h (leucine) 

K (lysine) 

M (methionine) 

25 F (phenylalanine) 
P (proline) 
S (serine) 
T (threonine) 
W (tryptophan) 

V (tyrosine) 

V (valine) 

30 
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4. BRIEF DESCRIPTIO N OF THE FIGURES 

FIG. l. Amino acid sequence of DP178 (SEQ ID:1) 
derived from HIV^; DP178 homologs derived from HIV-l^ 
(DP-185; SEQ ID:3) , HIV-1^ (SEQ ID:4) , and HIV-l^ 
(SEQ ID: 5); DP178 homologs derived from amino acid 
sequences of two prototypic HIV- 2 isolates, namely, 
HIV-2,^ (SEQ ID: 6) and HIV^,^ (SEQ ID:7); control 
peptides: DP-180 (SEQ ID:2), a peptide incorporating 
the amino acid residues of DP178 in a scrambled 
sequence; DP-118 (SEQ ID: 10) unrelated to DP178, which 
inhibits HIV-1 cell free virus infection; DP-125 (SEQ 
ID: 8), unrelated to DP178, also inhibits HIV-1 cell 
free virus infection; DP-116 (SEQ ID:9), unrelated to 
DP178, is negative for inhibition of HIV-l infection 
when tested using a cell-free virus infection assay. 
Throughout the figures, the one letter amino acid code 
is used. 

FIG. 2. Inhibition of HIV-l cell-free virus 
infection by synthetic peptides. IC 50 refers to the 
concentration of peptide that inhibits RT production 
from infected cells by 50% compared to the untreated 
control. Control: the level of RT produced by 
untreated cell cultures infected with the same level 
of virus as treated cultures. 

FIG. 3. Inhibition of HIV-1 and HIV-2 cell-free 
virus infection by the synthetic peptide DP178 (SEQ 
ID:l). IC^: concentration of peptide that inhibits 
RT production by 50% compared to the untreated 
control. Control: Level of rt produced by untreated 
cell cultures infected with the same level of virus as 
treated cultures. 

FIG. 4A-4B. Fusion Inhibition Assays. FIG 4A: 
DP178 (SEQ ID:l) inhibition of HIV-1 prototypic 
isolate-mediated syncytial formation; data represents 
the number of virus-induced syncytial per cell. FIG. 
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4B: DP-180 (SEQ ID: 2) represents a scrambled control 
peptide; DP-185 (SEQ ID: 3) represents a DP178 homolog 
derived frca HIV- 1^ isolate; Control, refers to the 
number of syncytial produced in the absence of 
peptide. 

FIG. 5. Fusion inhibition assay: HIV-l vs. 
HIV-2. Data represents the number of virus-induced 
syncytial per well. ND: not done, 

FIG. 6. Cytotoxicity study of DP178 (SEQ ID:1) 
and DP-116 (SEQ ID: 9) on CEM cells. Cell 
proliferation data is shown. 

FIG. 7. Schematic representation of HIV-gp4i 
and maltose binding protein (MBP)-gp41 fusion 
proteins. DPI 07 and DP178 are synthetic peptides 
based on the two putative helices of gp41. The letter 
P in the DP107 boxes denotes an lie to Pro mutation at 
amino acid number 578. Amino acid residues are 
numbered according to Meyers et al., "Human 
Retroviruses and AIDS" , 1991, Theoret . Biol . and 
Biophys. Group, Los Alamos Natl. Lab. , Los Alamos, NM. 
The proteins are more fully described, below, in 
Section 8.1.1. 

FIG. 8. A point mutation alters the 
conformation and anti-HIV activity of M41. 

FIG. 9. Abrogation of DP178 anti-HIV activity. 
Cell fusion assays were carried out in the presence of 
10 nM DP178 and various concentrations of M4IA178 or 
M41PA178. 

FIG. 10. Binding of DP178 to leucine zipper of 
gp41 analyzed by FAb-D ELISA. 

FIG. 11A-B. Models for a structural transition 
in the HIV-l TM protein. Two models are proposed 
which indicate a structural transition from a native 
oligomer to a fusogenic state following a trigger 
event (possibly gpl20 binding to CD4) . Common 
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features of both models include (1) the native state 
is held together by noncovalent protein-protein 
interactions to form the heterodimer of gpl20/41 and 
other interactions, principally though gp41 
interactive sites, to form homo- oligomers on the virus 
surface of the gp!20/41 complexes; (2) shielding of 
the hydrophobic fusogenic peptide at the N-terminus 
(F) in the native state; and (3) the leucine zipper 
domain (DP107) exists as a homo-oligomer coiled coil 
only in the fusogenic state. The major differences in 
the two models include the structural state (native or 
fusogenic) in which the DP107 and DP178 domains are 
complexed to each other. In the first model (FIG, 
11A) this interaction occurs in the native state and 
in the second (FIG. 11B) , it occurs during the 
fusogenic state* When triggered, the fusion complex 
in the model depicted in (A) is generated through 
formation of coiled-coil interactions in homologous 
DP107 domains resulting in an extended a-helix. This 
conformational change positions the fusion peptide for 
interaction with the cell membrane. In the second 
model (FIG. 11B) , the fusogenic complex is stabilized 
by the association of the DP178 domain with the DP107 
coiled-coil. 

FIG. 12. Motif design using heptad repeat 
positioning of amino acids of known coiled-coils . 

FIG. 13. Motif design using proposed heptad 
repeat positioning of amino acids of DP107 and DP178. 

FIG. 14. Hybrid motif design crossing GCN4 

and DP107. 

FIG * 15. Hybrid motif design crossing GCN4 

and DP178. 

FIG. 16. Hybrid motif design 107x178x4, 
crossing DP107 and DP178. This motif was found to be 
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the most consistent at identifying relevant DPl07-li*e 
and DP178-like peptide regions. 

FIG. 17. Hybrid motif design crossing GCK4 , 
DP107, and DP178. 

s FIG. 18. Hybrid motif design ALLMOTI5 

crossing GCN4, DP107, DP178, c-Fos cJun, c-Myc, and 
Flu Loop 36. 

FIG. 19. plzip motifs designed to identify 
N-terminal proline-leucine zipper motifs. 
xo FIG * 20 - Search results for HIV-l (bru 

isolate) enveloped protein gp41. Sequence search 
motif designations: Spades (*) : 107x178x4; Hearts (V) 
ALLMOTIS; Clubs (*) : PLZIP; Diamonds (♦) : 
transmembrane region (the putative transmembrane 
is domains were identified using a PC/Gene program 
designed to search for such peptide regions) . 
Asterisk (*): Lupas method. The amino acid sequences 
identified by each motif are bracketed by the 
respective characters. Representative sequences 
2o chosen based on 107x178x4 searches are underlined and 
in bold. DP107 and DP178 sequences are marked, and 
additionally double-underlined and italicized. 

FIG. 21. Search results for human 
respiratory syncytial virus (RSV) strain A2 fusion 
25 glycoprotein Fl. Sequence search motif designations 
are as in FIG. 20. 

FIG. 22. Search results for simian 
immunodeficiency virus (SIV) enveloped protein gp4l 
(AGM3 isolate) . Sequence search motif designations 
are as in fig. 20. 

FIG. 23. Search results for canine 
distemper virus (strain Onderstepoort) fusion 
glycoprotein 1. sequence search motif designations 
are as in FIG. 20. 
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FIG. 24. Search results for newcastle 
disease virus (strain Austral ia-Victoria/32) fusion 
glycoprotein Fl. Sequence search motif designations 
are as in FIG. 20. 

FIG. 25. Search results for human 
parainfluenza 3 virus (strain NIM 47885) fusion 
glycoprotein Fl. Sequence search motif designations 
are as in FIG. 20* 

FIG. 26. Search results for influenza A 
virus (strain A/AICHI/2/68) hemagglutinin precursor 
HA2 . Sequence search designations are as in FIG. 20. 

FIG. 27A-D. Respiratory Syncytial Virus 
(RSV) peptide antiviral and circular dichroism data. 
FIG. 27A-B: Peptides derived from the F2 DP178/DF107- 
like region. Antiviral and CD data. FIG. 27C-D: 
Peptides derived from the Fl DP107-like region. 
Peptide and CD data. 

Antiviral activity (AV) is represented by the 
following qualitative symbols: 

negative antiviral activity ; 
'•+/-", antiviral activity at greater than 
100Mg/ml ; 

••+", antiviral activity at between 50-100/ig/ml; 
, antiviral activity at between 20-50jxg/ml; 
, antiviral activity at between 1-20/ig/ml; 
w ++++", antiviral activity at <lMg/ml. 
CD data, referring to the level of helicity is 
represented by the following qualitative symbol: 
W - M , no helicity; 
w +", 25-50% helicity; 

50-75% helicity; 
75-100% helicity. 
IC^ refers to the concentration of peptide 
necessary to produce only 50% of the number of 
syncytial relative to infected control cultures 
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containing no peptide. IC j0 values were obtained using 
purified peptides only. 

FIG. 28A-B. Respiratory syncytial Virus 
(RSV) DP178-like region (Fl) peptide antiviral and CD 
data. Antiviral symbols, CD symbols, and IC^ are as 
in FIG. 27A-D. IC^ values were obtained using 
purified peptides only. 

FIG. 29A-B. Peptides derived from the HPIV3 
Fl DP107-like region. Peptide antiviral and CD data. 
Antiviral symbols, CD symbols, and IC^ are as in FIG. 
27A-D. Purified peptides were used to obtain IC^ 
values, except where the values are marked by an 
asterisk (*) , in which cases, the IC 50 values were 
obtained using a crude peptide preparation. 

FIG. 3 0A-B. Peptides derived from the HPIV3 
Fl DP178-like region. Peptide antiviral and CD data. 
Antiviral symbols, CD symbols, and TC^ are as in FIG. 
27A-D. Purified peptides were used to obtain IC W 
values, except where the values are marked by an 
asterisk (*) , in which cases, the' IC M values were 
obtained using a crude peptide preparation. 

FIG. 31. Motif search results for simian 
immunodeficiency virus (SIV) isolate MM251, enveloped 
polyprotein gp41. Sequence search designations are as 
in FIG. 20. 

FIG. 32. Motif search results for Epstein- 
Barr Virus (Strain B95-8) , glycoprotein gpllO 
precursor (designated gpllS) . BALF4 . Sequence search 
designations are as in FIG. 20. 

FIG. 33. Motif search results for Epstein- 
Barr Virus (Strain B95-8) , BZLF1 trans-activator 
protein (designated EB1 or Zebra). Sequence search 
designations are as in FIG. 20. Additionally, "6" 
refers to a well known DNA binding domain and "+ M 
refers to a well known dimerization domain, as defined 
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by Flemington and Speck (Flemington, E. and Speck, 
S.H., 1990, Proc. Natl. Acad. Sci- USA 12:9459-9463). 

FIG. 34. Motif search results for measles 
virus (strain Edmonston) , fusion glycoprotein Fl. 
Sequence search designations are as in FIG . 20. 
5 FIG. 35. Motif search results for Hepatitis 

B Virus (Subtype AYW) , major surface antigen precursor 
S. Sequence search designations are as in FIG. 20. 

FIG. 36. Motif search results for simian 
Mason-Pfizer monkey virus, enveloped (TM) protein 
10 gp20. Sequence search designations are as in FIG. 20. 
FIG. 37. Motif search results for 
Pseudomonas aerginosa, fimbrial protein (Pilin) . 
Sequence search designations are as in FIG . 20. 

FIG. 38. Motif search results for Neisseria 
15 gonorrhoeae fimbrial protein (Pilin) . Sequence search 
designations are as in FIG. 20. 

FIG. 39. Motif search results for 
Hemophilus influenzae fimbrial protein. Sequence 
search designations are as in FIG. 20. 

FIG. 40. Motif search results for 
Staphylococcus aureus, toxic shock syndrome toxin- 1. 
Sequence search designations are as in FIG. 20* 

FIG. 41. Motif search results for 
Staphylococcus aureus enterotoxin Type E. Sequence 
search designations are as in FIG. 20. 

FIG. 42. Motif search results for 
Staphylococcus aureus enterotoxin A. Sequence search 
designations are as in FIG. 20. 

FIG. 43. Motif search results for 
Escherichia coli, heat labile enterotoxin A. Sequence 
search designations are as in FIG. 20. 

FIG. 44. Motif search results for human c- 
fos proto-oncoprotein. Sequence search designations 
are as in FIG. 20. 

35 
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FIG. 45. Motif search results for human 
lupus KU autoantigen protein P70. Sequence search 
designations are as in FIG. 20. 

FIG. 46. Motif search results for human 
zinc finger protein 10. Sequence search designations 
are as in FIG. 20. 

FIG. 47. Measles virus (MeV) fusion protein 
DP178-like region antiviral and CD data. Antiviral 
symbols, CD symbols, and IC J0 are as in FIG. 27A-D. 
IC50 values were obtained using purified peptides. 

FIG. 48. Simian immunodeficiency virus 
(SIV) TM (fusion) protein DP178-like region antiviral 
data. Antiviral symbols are as in FIG . 27A^-D "NT", 
not tested. 

FIG. 49A-C. DPl78-derived peptide antiviral 
data. The peptides listed herein were derived from 
the region surrounding the HIV-l BRU isolate DP178 
region (e.g T , gp41 amino acid residues 615-717) . 

In instances where peptides contained DP178 point 
mutations, the mutated amino acid residues are shown 
with a shaded background. In instances in which the 
test peptide has had an amino and/or carboxy-terminal 
group added or removed (apart from the standard amido- 
and acetyl- blocking groups found on such peptides) , 
such modifications are indicated. FIG. 4 9A: The 
column to the immediate right of the name of the test 
peptide indicates the size of the test peptide and 
points out whether the peptide is derived from a one 
amino acid peptide "walk" across the DP178 region. 
The next column to the right indicates whether the 
test peptide contains a point mutation, while the 
column to its right indicates whether certain amino 
acid residues have been added to or removed from the 
DP178-derived amino acid sequence. FIG 4 9B: The 
column to the immediate right of the test peptide name 
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indicates whether the peptide represents a DP178 
truncation, the next column to the right points out 
whether the peptide contains a point mutation, and the 
column to its right indicates whether the peptide 
contains amino acids which have been added to or 

5 removed from the DP178 sequence itself. FIG. 49C: 

The column to the immediate right of the test peptide 
name indicates whether the test peptide contains a 
point mutation, while the column to its right 
indicates whether amino acid residues have been added 

10 to or removed from the DP178 sequence itself. ICjq is 
as defined in FIG. 27A-D, and IC 3(> values were obtained 
using purified peptides except where marked with an 
asterisk (*) , in which case the IC 50 was obtained using 
a crude peptide preparation. 

15 FIG. 50. DP107 and DP107 gp41 region 

truncated peptide antiviral data. IC* as defined in 
FIG- 27A-D, and IC^ values were obtained using 
purified peptides except where marked with an asterisk 
(*), in which case the IC M was obtained using a crude 

20 

peptide preparatxon. 

FIG. 51A-B. Epstein-Barr virus Strain B95-8 
BZLF1 DP178/DP107 analog region peptide walks and 
electrophoretic mobility shift assay results. The 
peptides (T-423 to T-446, FIG. 51A? T-447 to T-461, 

25 FIG. 5 IB) represent one amino acid residue "walks" 

through the EBV Zebra protein region from amino acid 
residue 173 to 246. 

The amino acid residue within this region which 
corresponds to the first amino acid residue of each 

30 peptide is listed to the left of each peptide, while 
the amino acid residue within this region which 
corresponds to the last amino acid residue of each 
peptide is listed to the right of each peptide. The 
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length of each test peptide is listed at the far right 
of each line, under the heading "Res". 

"ACT" refers to a test peptide's ability to 
inhibit Zebra binding to its response element. "+" 
refers to a visible, but incomplete, abrogation of the 
response element/ Zebra homodimer complex; "+++" refers 
to a complete abrogation of the complex; and "-" 
represents a lack of complex disruption. 

FIG. 52A-B. Hepatitis B virus subtype AYW major 
surface antigen precursor S protein DP178/DP107 analog 
region and peptide walks. 52A depicts Domain I (S 
protein amino acid residues 174-220) , which contains a 
potential DP178/DP107 analog region. In addition, 
peptides are listed which represent one amino acid 
peptide "walks" through domain I. 52B depicts Domain 
II (S protein amino acid residues 233-291) , which 
contains a second potential DP178/DP107 analog region. 
In addition, peptides are listed which represent one 
amino acid peptide "walks" through domain II. 

5- DETAILED DESCRIPTION OF THE INVENTION 
Described herein are peptides which may exhibit 
antifusogenic activity, antiviral capability, and/or 
the ability to modulate intracellular processes 
involving coiled-coil peptide structures. The 
peptides described include, first, DP178 (SEQ ID 
NO:l), a gp41-derived 36 amino acid peptide and 
fragments and analogs of DP178. 

In addition, the peptides of the invention 
described herein include peptides which are DP107 
analogs. DP107 (SEQ ID NO: 25) is a 38 amino acid 
peptide corresponding to residues 558 to 595 of the 
HIV-l^, transmembrane (TM) gp41 protein. Such DP107 
analogs may exhibit antifusogenic capability, 
antiviral activity or an ability to modulate 
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intracellular processes involving coiled-coil 
structures . 

Further, peptides of the invention include DP107 
and DP178 are described herein having amino acid 
sequences recognized by the 107x178x4, ALLMOTI5, and 

5 PLZIP search motifs. Such motifs are also discussed. 

Also described here are ant if usogenic, antiviral, 
intracellular modulatory, and diagnostic uses of the 
peptides of the invention- Further, procedures are 
described for the use of the peptides of the invention 

fc0 for the identification of compounds exhibiting 

antifusogenic, antiviral or intracellular modulatory 
activity. 

While not limited to any theory of operation, the 
following model is proposed to explain the potent 

15 anti-HIV activity of DP178, based, in part, on the 

experiments described in the Examples, ipff3* In the 
HIV protein, gp41, DP178 corresponds to a putative a- 
helix region located in the c-terminal end of the gp41 
ectodomain, and appears to associate with a distal 

10 site on gp41 whose interactive structure is influenced 
by the leucine zipper motif, a coiled-coil structure, 
referred to as DP107. The association of these two 
domains may reflect a molecular linkage or "molecular 
clasp" intimately involved in the fusion process. It 

25 is of interest that mutations in the C-terminal ct- 
helix motif of gp4l f i.e. . the D178 domain) tend to 
enhance the fusion ability of gp41, whereas mutations 
in the leucine zipper region f I.e. . the DP107 domain) 
decrease or abolish the fusion ability of the viral 

30 protein. It may be that the leucine zipper motif is 
involved in membrane fusion while the C-terminal or- 
helix motif serves as a molecular safety to regulate 
the availability of the leucine zipper during virus- 
induced membrane fusion. 

35 
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On the basis of the foregoing, two models are 
proposed of gp4 1 -mediated membrane fusion which are 
schematically shown in FIG * 11A-B, The reason for 
proposing two models is that the temporal nature of 
the interaction between the regions defined by DP107 
and DP178 cannot, as yet, be pinpointed. Each model 
envisions two conformations for gp41 - one in a 
"native" state as it might be found on a resting 
virion. The other in a "fusogenic" state to reflect 
conformational changes triggered following binding of 
gp!20 to CD4 and just prior to fusion with the target 
cell membrane. The strong binding affinity between 
gpl20 and CD4 may actually represent the trigger for 
the fusion process obviating the need for a pH change 
such as occurs for viruses that fuse within 
intracellular vesicles. The two major features of 
both models are: (1) the leucine zipper sequences 
(DP107) in each chain of oligomeric enveloped are held 
apart in the native state and are only allowed access 
to one another in the fusogenic state so as to form 
the extremely stable coiled-coils, and (2) association 
of the DP178 and DP107 sites as they exist in gp41 
occur either in the native or fusogenic state. FIG. 
11A depicts DP178/DP107 interaction in the native 
state as a molecular clasp. On the other hand, if one 
assumes that the most stable form of the enveloped 
occurs in the fusogenic state, the model in FIG. 11B 
can be considered. 

When synthesized as peptides, both DP107 and 
DP178 are potent inhibitors of HIV infection and 
fusion, probably by virtue of their ability to form 
complexes with viral gp41 and interfere with its 
fusogenic process; e.g. . during the structural 
transition of the viral protein from the native 
structure to the fusogenic state, the DP178 and DP107 
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peptides may gain access to their respective binding 
sites on the viral gp41, and exert a disruptive 
influence* DP107 peptides which demonstrate anti-HIV 
activity are described in Applicants 1 co-pending 
application Serial No. 08/264,531, filed June 23, 
1994, which is incorporated by reference herein in its 
entirety. 

As shown in the Examples, infra , a truncated 
recombinant gp41 protein corresponding to the 
ectodomain of gp41 containing both DP107 and DP178 
domains (excluding the fusion peptide, transmembrane 
region and cytoplasmic domain of gp4l) did not inhibit 
HIV-1 induced fusion. However, when a single mutation 
was introduced to disrupt the coiled-coil structure of 
the DP107 domain — a mutation which results in a 
15 total loss of biological activity of DP107 peptides — 
the inactive recombinant protein was transformed to an 
active inhibitor of HIV-1 induced fusion. This 
transformation may result from liberation of the 
potent DP178 domain from a molecular clasp with the 
leucine zipper, DPI 07 domain. 

For clarity of discussion, the invention will be 
described primarily for DP178 peptide inhibitors of 
HIV. However, the principles may be analogously 
applied to other viruses, both enveloped and 
nonenveloped, and to other non-viral organisms. 
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5.1. DP178 AND DP178-LI KE PEPTIDES 
The DP178 peptide (SEQ ID:1) of the invention 
corresponds to amino acid residues 638 to 673 of the 
30 transmembrane protein gp41 from the HIV-1^, isolate, 

and has the 36 amino acid sequence (reading from amino 
to carboxy terminus) : 
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NH 2 -YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-COOH (SEQ ID: 1) 
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In addition to the full-length DP178 (SEQ ID:l) 
36-mer, the peptides of the invention may include 
truncations of the DP17S (SEQ ID: 1) peptide which 
exhibit antif usogenic activity, antiviral activity 
and/ or the ability to modulate intracellular processes 
involving coiled-coil peptide structures. Truncations 
of DP178 (SEQ ID:1) peptides may comprise peptides of 
between 3 and 36 amino acid residues ( i.e. . peptides 
ranging in size from a tripeptide to a 3 6-mer 
polypeptide), as shown in Tables I and IA, below. 
Peptide sequences in these tables are listed from 
amino (left) to carboxy (right) terminus. "X w may 
represent an amino group ( — NH 2 ) and "Z" may represent a 
carboxy 1 (-COOH) group. Alternatively, "X" may 
represent a hydrophobic group, including but not 
limited to carbobenzyl, dansyl, or T-butoxycarbonyl; 
an acetyl group; a 9-f luorenylmethoxy-carbonyl (FMOC) 
group; or a covalently attached macromolecular group, 
including but not limited to a lipid-fatty acid 
conjugate, polyethylene glycol, carbohydrate or 
peptide group. Further, "2 W may represent an amido 
group; a T-butoxycarbonyl group; or a covalently 
attached macromolecular group, including but not 
limited to a lipid-fatty acid conjugate, polyethylene 
glycol, carbohydrate or peptide group. A preferred 
"X w or W Z" macromolecular group is a peptide group. 
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DP178 fSEO ID: 11 CARBOXY TRUNCATIONS 

X-YTS-Z 

X-YTSL-Z 

X-YTSLI-Z 

X-YTSLIH-Z 
5 X-YTSLIHS-Z 

X-YTSLIHSL-Z 

X-YTSLIHSLI -Z 

X-YTSLIHSLIE-Z 

X-YTSLIHSLIEE-Z 

X-YTSLIHSLIEES-Z 

X-YTSLIHSLIEESQ-Z 
- X-YTSLIHSLIEESQN-Z 
XO X— YTSLIHSLI EESQNQ- Z 

X— YTSLIHSLI EESQNQQ- Z 

X-YTSLIHSLIEESQNQQE-Z 

X-YTSLIHSLIEESQNQQEK-Z 

X-YTSLIHSLIEESQNQQEKN-Z 

X-YTSLIHSLIEESQNQQEKNE-Z 

X- YTS LI HS LI EESQNQQ EKNEQ- Z 
1 5 X- YTSLIHSLI EESQNQQ EKNEQE- Z 

X-YTSLIHSLI EESQNQQ EKNEQEL-Z 

X-YTSLIHSLI EESQNQQEKNEQELL- Z 

X- YTSLIHSLI EESQNQQEKNEQELLE- Z 

X- YTSLIHSLI EESQNQQEKNEQELLEL- Z 

X* YTSLIHSLI EESQNQQ EKNEQELLELD- Z 

X-YTSLIHSLI EESQNQQ EKNEQELLELDK- Z 

X - YTSLI HSLI EESQNQQEKNEQELLELDKW - Z 
2 X - YTSLI HS LI EESQNQQEKNEQELLELDKWA—Z 

X-YTSLIHSLI EESQNQQEKNEQELLELDKWAS-Z 

X-YTSLIHSLI EESQNQQ EKNEQELLELDKWASL- Z 

X— YTSLIHSLIEESQNQQEKNEQELLELDKWASLW-Z 

X— YTSLI HSLI EESQNQQEKNEQELLELDKWASLWN-Z 

X— YTSLIHSLI EESQNQQEKNEQELLELDKWASLWNW-Z 

X-YTSLIHSLI EESQNQQEKNEQELLELDKWASLWNWF-Z 
25 • 

The one letter amino acid code is used. 

Additionally, 

M X W may represent an amino group, a hydrophobic group, 
including but not limited to carbobenzoxyl, dansyl, or 
T-butyloxycarbonyl ; an acetyl group; a 9- 
f luorenylmethoxy-carbonyl (FMOC) group; a 
macromolecular carrier group including but not limited 
to lipid-fatty acid conjugates, polyethylene glycol, 
or carbohydrates. 

W Z" may represent a carboxyl group; an amido group; a 
T-butyloxycarbonyl group; a macromolecular carrier 
35 group including but not limited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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DP178 (SEP ID: 11 AflJ flO TRUKC ft TT nwg 

X-NWF-Z 
X-WNWF-Z 
X-LWNWF-Z 

5 X-SLWNWF-Z 

X-ASLWNWF-Z 
X-WASLWNWF-Z 
X-KWASLWNWF- Z 
X-DKWASLWNWF- Z 
X-LDKWASLWNWF-Z 
X-ELDKWASLWNWF-Z 
X-LELDKWASLWNWF- Z 

10 X-LLELDKWASLWMWF-Z 

X-ELLELDKWASLWNWF-Z 
X-QELLELDKWASLWNWF-Z 
X-EQELLELDKWASLWNWF-Z 
X-NEQELLELDKWASLWNWF- Z 
X-KNEQELLELDKWASLWNWF-Z 
X-EKNEQELLELDKWASLWNWF-Z 
- - X-QEKNEQELLELDKWASLWNWF- Z 

" X-QQEKNEQELLELDKWASLWNWF- Z 

X-NQQEKNEQELLELDKWASLWNWF-Z 
X-QNQQEKNEQELLELDKWASLWNWF- Z 
X-SQNQQEKNEQELLELDKWASLWNWF-Z 
X-ESQNQQEKNEQELLELDKWASLWNWF-Z 
X-EESQNQQEKNEQELLELDKWASLWNWF-Z 
X-IEESQNQQEKNEQELLELDKWASLWNWF-Z 
20 X-LIEESQNQQEKNEQELLELDKWASLWNWF-Z 

X-SLIEESQNQQEKNEQELLELDKWASLWNWF-Z 
X-HSLI EESQNQQEKNEQELLELDKWASLWNWF- Z 
X-IHSLI EESQNQQEKNEQELLELDKWASLWNWF- Z 
X-LIHSLIEESQNQQEKNEQELLELDKWASLWNWF-Z 
X-SLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-Z 
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X-TSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-Z 
X-YTSLIHSLI EESQNQQEKNEQELLELDKWASLWNWF- Z 

The one letter amino acid code is used, 



Additionally, 



X may represent an amino group, a hydrophobic group, 
including but not limited to carbobenzoxyl , dansyl, or 
30 T^butyloxycarbonyl; an acetyl group; a 9- 

f luorenylmethoxy-carbonyl group; a macromolecular 
carrier group including but not limited to lipid-fatty 
acid conjugates, polyethylene glycol, or 
carbohydrates. 



Z may represent a carboxyl group; an amido group; a 
T-butyloxycarbonyl group; a macromolecular carrier 
group including but not limited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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The peptides of the invent! n also include DP178- 
like peptides* w DP178-like", as used herein, refers, 
first, to DP178 and DP178 truncations which contain 
one or more amino acid substitutions, insertions 
and/or deletions* Second, "DP-178-like" refers to 
peptide sequences identified or recognized by the 
ALLMOTI5, 107x178x4 and PLZIP search motifs described 
herein, having structural and/ or amino acid motif 
similarity to DP178. The DP178-like peptides of the 
invention may exhibit antifusogenic or antiviral 
activity, or may exhibit the ability to modulate 
intracellular processes involving coiled-coil 
peptides* Further, such DP178-like peptides may 
possess additional advantageous features, such as, for 
example, increased bioavailability, and/or stability, 
or reduced host immune recognition. 

HIV-1 and HIV-2 enveloped proteins are 
structurally distinct, but there exists a striking 
amino acid conservation within the DP17 8 -corresponding 
regions of HIV-l and HIV-2. The amino acid 
conservation is of a periodic nature, suggesting some 
conservation of structure and/or function. Therefore, 
one possible class of amino acid substitutions would 
include those amino acid changes which are predicted 
to stabilize the structure of the DP178 peptides of 
the invention. Utilizing the DP 178 and DP178 analog 
sequences described herein, the skilled artisan can 
readily compile DP178 consensus sequences and 
ascertain from these, conserved amino acid residues 
which would represent preferred amino acid 
substitutions • 

The amino acid substitutions may be of a 
conserved or non-conserved nature. Conserved amino 
acid substitutions consist of replacing one or more 
amino acids of the DP178 (SEQ ID:1) peptide sequence 
with amino acids of similar charge, size, and/or 
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hydrophobicity characteristics, such as, for example, 
a glutamic acid (E) to aspartic acid (D) amino acid 
substitution. Non-conserved substitutions consist of 
replacing one or more amino acids of the DP178 (SEQ 
ID:l) peptide sequence with amino acids possessing 
dissimilar charge, size, and/or hydrophobicity 
characteristics, such as, for example, a glutamic acid 
(E) to valine (V) substitution. 

Amino acid insertions may consist of single amino 
acid residues or stretches of residues. The 
insertions may be made at the carboxy or amino 
terminal end of the DP178 or DP178 truncated peptides, 
as well as at a position internal to the peptide. 
Such insertions will generally range from 2 to 15 
amino acids in length. It is contemplated that 
insertions made at either the carboxy or amino 
terminus of the peptide of interest may be of a 
broader size range, with about 2 to about 50 amino 
acids being preferred. One or more such insertions 
may be introduced into DP178 (SEQ. ID: 1) or DP178 
truncations, as long as such insertions result in 
peptides which may still be recognized by the 
107x178x4, ALLMOTI5 or PLZIP search motifs described 
herein, or may, alternatively, exhibit antif usogenic 
or antiviral activity, or exhibit the ability to 
modulate intracellular processes involving coiled-coil 
peptide structures. 

Preferred amino or carboxy terminal insertions 
are peptides ranging from about 2 to about 50 amino 
acid residues in length, corresponding to g P 41 protein 
regions either amino to or carboxy to the actual DP178 
gp41 amino acid sequence, respectively. Thus, a 
preferred amino terminal or carboxy terminal amino 
acid insertion would contain gp41 amino acid sequences 
found immediately amino to or carboxy to the DP178 
region of the gp4l protein. 
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Deletions of DP178 (SEQ ID:l) or DP178 
truncations are also within the scope of the 
invention. Such deletions consist of the removal of 
one or more amino acids from the 0F178 or DP178-like 
peptide sequence, with the lower limit length of the 
resulting peptide sequence being 4 to 6 amino acids. 
Such deletions may involve a single contiguous or 
greater than one discrete portion of the peptide 
sequences. One or more such deletions may be 
introduced into DP178 (SEQ* ID: 1) or DP178 truncations, 
as long as such deletions result in peptides which may 
still be recognized by the 107x178x4, ALLMOTI5 or 
PLZIP search motifs described herein, or may, 
alternatively, exhibit antif usogenic or antiviral 
activity, or exhibit the ability to modulate 
intracellular processes involving coiled-coil peptide 
structures . 

DP178 analogs are further described, below, in 
Section 5.3. 

5.2. DP107 AND DP107-LIKE PEPTIDES 
Further, the peptides of the invention include 
peptides having amino acid sequences corresponding to 
DP107 analogs. DP107 is a 38 amino acid peptide which 
exhibits potent antiviral activity, and corresponds to 
residues 558 to 595 of HIV-1^ transmembrane (TM) gp41 
protein, as shown here: 

NH 2 -NNLLRAI EAQQHLLQLTVWQ IKQLQARI LAVERYLKDQ— COOH 
(SEQ ID:25) 

In addition to the full-length DP107 (SEQ ID: 25) 
38-mer, the peptides of the invention may include 
truncations of the DP107 (SEQ ID: 25) peptide which 
exhibit antif usogenic activity, antiviral activity 
and/or the ability to modulate intracellular processes 
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involving coxled-coil peptide structures. Truncations 
Of DP107 (SEQ i Dt25) peptides may conpr . ae 

between 3 and 38 amino acid residues U^, peptides 
ranging in size from a tripeptide to a 38-mer 
s polypeptide) , as shown in Tables II and Il A , below 
Peptide sequences in these tables are listed from * 
amino (left, to carboxy (right, terminus. »x« nay 
represent an amino group (-NH,, and "Z" may represent a 
carboxyl (-COOH, group. Alternatively, « X " may 
io represent a hydrophobic group, including but not 

limited to carbobenzyl, dansyl, or T-butoxycarbonyl- 
an acetyl group; a 9-f luorenylmethoxy-carbonyl (fmoc, 
group; or a covalently attached macromolecular group 
including but not limited to a lipid-fatty acid 
^ conjugate, polyethylene glycol, carbohydrate or 

peptide group. Further, "Z" » ay represent an amido 
group; a T-butoxycarbonyl group; or a covalently 
attached macromolecular group, including but not 
limited to a lipid-fatty acid conjugate, polyethylene 
0 !ir° Carboh y d «^e or peptide group, A preferred 
X or «Z» macromolecular group is a peptide group. 
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TABIDS II 

DP107 fSEQ ID: 25 1 CARBOXY TRUW CAT TONS 



X-NNL-Z 

X-NNLL-Z 

X-NNLLR-Z 
5 X-NNLLRA-Z 

X-NNLLRAI- Z 

X-NNLLRAI E- Z 

X-NNLLRAI EA-Z 

X-NNLLRAI EAQ—Z 

X-NNLLRAIEAQQ-Z 

X-NNLLRAIEAQQH-Z 

X-NNLLRAIEAQQHL-Z 

X-NNLLRAI EAQQHLL- Z 

X-NNLLRAI EAQQHLLQ- Z 

X-NNLLRAI EAQQHLLQL- Z 

X-NNLLRAIEAQQHLLQLT- Z 

X-NNLLRAIEAQQHLLQLTV- Z 

X-NNLLRAI EAQQHLLQLTVW- Z 

X-NNLLRAI EAQQHLLQ LTVWQ - Z 
1 5 X-NNLLRAI EAQQHLLQ LTVWQ I - Z 

X-NNLLRAI EAQQHLLQ LTVWQ IK- Z 

X-NNLLRAI EAQQHLLQ LTVWQ IKQ- Z 

X-NNLLRAI EAQQHLLQLTVWQIKQL- Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQ- Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQ A- Z 

X—NNLLRAI EAQQHLLQLTVWQI KQLQ AR-Z 
- X—NNLLRAI EAQQHLLQLTVWQI KQLQ ARI-Z 

X-NNLLRAI EAQQHLLQLTVWQIKQLQARIL-Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQ ARILA- Z 

X-NNLLRAI EAQQHLLQLTVWQIKQLQ ARI LAV- Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQARI LAVE- Z 

X-NNLLRAI EAQQHLLQLTVWQIKQLQ ARILAVER-Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQARI LAVERY- Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQARI LAVERYL-Z 
2 5 X-NNLLRAI EAQQHLLQ LTVWQ I KQLQ ARI LA VERYLK-Z 

X-NNLLRAI EAQQHLLQLTVWQI KQLQARI LA VERYLKD- Z 

X-NNLLRA I EAQQHLLQ LTVWQ I KQLQARI LAV ERYLKDQ-Z 



The one letter amino acid code is used. 
Additionally, 

M X W may represent an amino group, a hydrophobic group, 
including but not limited to carbobenzoxyl, dansyl, or 
T-butyloxycarbonyl; an acetyl group; a 9- 
f luorenylmethoxy-carbonyl (FMOC) group; a 
macromolecular carrier group including but not limited 
to lipid-fatty acid conjugates, polyethylene glycol, 
or carbohydrates. 

"Z" may represent a carboxyl group; an ami do group; a 
T-butyloxycarbonyl group; a macromolecular carrier 
group including but not limited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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TABLE TTft 
PP179 (SEP ID:S><n ft MINO T RtrM Cft TT n pg 



X-KDQ- Z 
X-LKDQ- Z 

5 X-YLKDQ- 2 

X-RYLKDQ- 2 
X-ERYLKDQ- 2 
X-VERYLKDQ- Z 
X- AVER YLKDQ - 2 
X-LAVERYLKDQ- 2 
X-ILAVERYLKDQ- 2 
X-RILAVERYLKDQ- 2 

10 X-ARILAVER YLKDQ- 2 

X-QARILAVERYLKDQ- 2 
X-LQARILAVERYLKDQ- 2 
X-QLQARILAVERYLKDQ- Z 
X-KQLQARILAVERYLKDQ- 2 
X-IKQLQARILAVERYLKDQ- Z 
X-QIKQLQARILAVERYLKDQ- Z 
15 X- WQ I KQ LQ AR I LAV ER YLKDQ - Z 

X-VWQIKQLQARILAVERYLKDQ- Z 
X-TVWQIKQLQARILAVERYLKDQ- Z 
X-LTVWQIKQLQARILAVERYLKDQ— Z 
X-QLTVWQ I KQ LQ ARI LA VER YLKDQ — Z 
X-LQLTVWQIKQLQARILAVER YLKDQ- 2 
X-LLQLTVWQIKQLQARILAVERYLKDQ— 2 
X-HLLQLTVWQIKQLQARILAVERYLKDQ- 2 
2 0 X-QHLLQLTVWQIKQLQARILAVERYLKDQ— Z 

X - QQHLLQLTVWQ I KQ LQAR I LA VER Y LKDQ— Z 
X-AQQHLLQLTVWQIKQLQARILAVERYLKDQ- Z 
X - EAQQHLLQLTVWQ I KQLQ AR I LA VER YLKDQ- 
X-IEAQQHLLQLTVWQIKQLQARILAVERYLKDQ- 
X-AIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ- 
X-RAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ- 
25 V X "^? EA QQHLLQLTVWQIKQLQARILAVERYLKDQ- Z 

Y X -^^?EAQQHLIXJLTVWQIKQI^ARILAVERYLKDQ- Z 
v X ^5f^?P QQHL ^ L,I ^QIKQLQARILAVERYLKDQ- 
X-NNLLRAIEAQQHLLQLTVWQIKQLQARILAVERYLKDQ- 

me one letter amino acid code is used. 



Z 
Z 
Z 
Z 



Z 
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Additionally, 

" XW , m ?Y "Present an amino group, a hydrophobic aroun 

bU V 0t limited cartobenLSl, dansy" lr 
T-butyloxycarbonyl; an acetyl group; a 9- aans y A < or 

c^rrle?*^^ group; a macromolecular 

group including but not limited to lipid-fattv 
acid conjugates, polyethylene glycol, or Y 
carbohydrates. y 1 ' 

"Z" may represent a carboxyl group; an amido group • a 
™S y }° X ? C 2f b0n 2: 1 9rOUp; a ^cromolecular ca?J±J?' 
££wJ?S 1Udin ? bUt not lim ited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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The peptides of the inv ntion also include DP107- 
li)ce peptides. w DP107-like tt , as used herein, refers, 
first, to DP107 and DP107 truncations which contain 
one or more amino acid substitutions, insertions 
and/or deletions. Second, w DP-l07-like" refers to 
peptide sequences identified or recognized by the 
ALLMOTI5, 107x178x4 and PLZIP search motifs described 
herein, having structural and/or amino acid motif 
similarity to DP107. The DP107-like peptides of the 
invention may exhibit antif usogenic or antiviral 
activity, or may exhibit the ability to modulate 
intracellular processes involving coiled-coil 
peptides. Further, such DP107-like peptides may 
possess additional advantageous features, such as, for 
example, increased bioavailability, and/or stability, 
or reduced host immune recognition. 

HIV-1 and HIV-2 enveloped proteins are 
structurally distinct, but there exists a striking 
amino acid conservation within the DP107-corresponding 
regions of HIV-1 and HIV-2. The amino acid 
conservation is of a periodic nature, suggesting some 
conservation of structure and/or function. Therefore, 
one possible class of amino acid substitutions would 
include those amino acid changes which are predicted 
to stabilize the structure of the DP107 peptides of 
the invention. Utilizing the DP107 and DP107 analog 
sequences described herein, the skilled artisan can 
readily compile DP107 consensus sequences and 
ascertain from these, conserved amino acid residues 
which would represent preferred amino acid 
substitutions. 

The amino acid substitutions may be of a 
conserved or non-conserved nature. Conserved amino 
acid substitutions consist of replacing one or more 
amino acids of the DP107 (SEQ ID: 25) peptide sequence 
with amino acids of similar charge, size, and/or 
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hydrophobicity characteristics, such as, for example, 
a glutamic acid (E) to aspartic acid (D) amino acid 
substitution. Non-conserved substitutions consist of 
replacing one or more amino acids of the DF107- (SEy 
ID: 25) peptide sequence with amino acids possessing 
dissimilar charge, size, and/or hydrophobicity 
characteristics, such as, for example, a glutamic acid 
(E) to valine (V) substitution. 

Amino acid insertions may consist of single amino 
acid residues or stretches of residues. The 
insertions may be made at the carboxy or amino 
terminal end of the DP107 or DP107 truncated peptides, 
as well as at a position internal to the peptide. 
Such insertions will generally range from 2 to 15 
amino acids in length. It is contemplated that 
insertions made at either the carboxy or amino 
terminus of the peptide of interest may be of a 
broader size range, with about 2 to about 50 amino 
acids being preferred. One or more such insertions 
may be introduced into DP107 (SEQ. ID: 25) or DP107 
truncations, as long as such insertions result in 
peptides which may still be recognized by the 
107x178x4, ALLMOTI 5 or PLZIP search motifs described 
herein, or may, alternatively, exhibit antif usogenic 
or antiviral activity, or exhibit the ability to 
modulate intracellular processes involving coiled-coil 
peptide structures. 

Preferred amino or carboxy terminal insertions 
are peptides ranging from about 2 to about 50 amino 
acid residues in length, corresponding to gp4l protein 
regions either amino to or carboxy to the actual DP107 
gp41 amino acid sequence, respectively. Thus, a 
preferred amino terminal or carboxy terminal amino 
acid insertion would contain gp41 amino acid sequences 
found immediately amino to or carboxy to the DP107 
region of the gp41 protein. 
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Del tions of DP107 (SEQ ID: 25) r DP178 
truncations are also within the scope of the 
invention* Such deletions consist of the removal of 
one or more amino acids from the DP107 or DP107-like 
peptide sequence, with the lower limit length of the 
resulting peptide sequence being 4 to 6 amino acids. 
Such deletions may involve a single contiguous or 
greater than one discrete portion of the peptide 
sequences. One or more such deletions may be 
introduced into DP107 (SEQ. ID: 25) or DP107 
truncations, as long as such deletions result in 
peptides which may still be recognized by the 
107x178x4, ALLMOTI 5 or PLZIP search motifs described 
herein, or may, alternatively, exhibit antifusogenic 
or antiviral activity, or exhibit the ability to 
modulate intracellular processes involving coiled-coil 
peptide structures . 

DP107 and DP107 truncations are more fully 
described in Applicants' co-pending U.S. Patent 
Application Ser. No. 08/374,666, filed January 27, 
1995, and which is incorporated herein by reference in 
its entirety. DP107 analogs are further described, 
below, in Section 5.3. 



5.3. DP107 and DP178 ANALOGS 

Peptides corresponding to analogs of the DP178, 
DP178 truncations, DP107 and DP107 truncation 
sequences of the invention, described, above, in 
Sections 5*1 and 5.2 may be found in other viruses, 
including, for example, non-HIV-l^, enveloped viruses, 
non-enveloped viruses and other non-viral organisms. 

The term "analog* 9 , as used herein, refers to a 
peptide which is recognized or identified via the 
107x178x4, ALLMOTI 5 and/or PLZIP search strategies 
discussed below. Further, such peptides may exhibit 
antifusogenic capability, antiviral activity, or the 
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ability to modulate intracellular processes involving 
co i led- co i 1 structures . 

Such DP178 and DP107 analogs nay, for example, 
correspond to peptide sequences present in TM proteins 
of enveloped viruses and may, additionally correspond 
to peptide sequences present in non enveloped and non- 
viral organisms. Such peptides may exhibit 
antifusogenic activity, antiviral activity, most 
particularly antiviral activity which is specific to 
the virus in which their native sequences are found, 
or may exhibit an ability to modulate intracellular 
processes involving coiled-coil peptide structures. 

DP178 analogs are peptides whose amino acid 
sequences are comprised of the amino acid sequences of 
peptide regions of, for example, other ( i.e. . other 
than HIV-l,^,) viruses that correspond to the gp4i 
peptide region from which DP178 (SEQ ID:1) was 
derived. Such viruses may include, but are not 
limited to, other Hiv-i isolates and HIV-2 isolates. 
DP178 analogs derived from the corresponding gp4i 
peptide region of other ( i.e. . non HIV-i^,) HIV-l 
isolates may include, for example, peptide sequences 
as shown below. 



25 NH 2 -YTNIIY2LLEESQNQQEKNEQELLELDKWASLWNWF-COOH (DP-185; SEQ 
ID: 3) ; 

NHj-YT^iyNiXEESQNQQEKNEQELLELDKWAIiLWNWF-COOH (SEQ ID:4); 
30 NHj " VTSLIXSL ^ E K S « I Q<l EKN EQELLELDKWASLWNWF-COOH (SEQ ID: 5). 

SEQ ID:3 (DP-185), SEQ ID:4, and SEQ ID:5 are derived 
from HIV-ljpj, HIV-Irf, and HIV-1,^ isolates, 
respectively. Underlined amino acid residues refer to 
3s those residues that differ from the corresponding 
position in the DP178 (SEQ ID:1) peptide. One such 
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DP178 anal g, DP-185 (SEQ ID: 3), is described in the 
Example presented in Section 6, below, where it is 
demonstrated that DP-185 (SEQ ID: 3) exhibits antiviral 
activity. The DP178 analogs of the invention may also 
Include truncations, as described above. Further, the 
analogs of the invention modifications such those 
described for DP178 analogs in Section 5*1., above. 
It is preferred that the DP178 analogs of the 
invention represent peptides whose amino acid 
sequences correspond to the DP178 region of the gp41 
protein, it is also contemplated that the peptides of 
the invention may, additionally, include amino 
sequences, ranging from about 2 to about 50 amino acid 
residues in length, corresponding to gp41 protein 
regions either amino to or carboxy to the actual DP178 
amino acid sequence. 

Striking similarities, as shown in FIG . 1, exist 
within the regions of HIV-1 and HIV-2 isolates which 
correspond to the DP178 sequence. A DP178 analog 
derived from the HIV-2 NIHZ isolate has the 36 amino acid 
sequence (reading from amino to carboxy terminus) : 



NH 2 -LEANISQSLEQAQIQQEKNMYELQKLNSWDVFTKWL-COOH (SEQ ID: 7) 

Table III and Table IV show some possible truncations 
of the HIV-2 NW2 DP178 analog, which may comprise 
peptides of between 3 and 3 6 amino acid residues 
( i.e. . peptides ranging in size from a tripeptide to a 
36-mer polypeptide) . Peptide sequences in these 
tables are listed from amino (left) to carboxy (right) 
terminus. M X H may represent an amino group (-NH 2 ) and 
n Z n may represent a car boxy 1 (-COOH) group. 
Alternatively, "X M may represent a hydrophobic group, 
including but not limited to carbobenzyl, dansyl, or 
T-butoxycarbonyl; an acetyl group; a 9- 
f luorenylmethoxy-carbonyl (FMOC) group; or a 
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covalently attached ma cr ©molecular group, including 
but not limited to a lipid-fatty acid conjugate, 
polyethylene glycol, carbohydrate or peptide group. 
Further, "2" may represent an amido group;- a 
butoxy car bony 1 group; or a covalently attached 
macromolecular group, including but not limited to a 
lipid-fatty acid conjugate, polyethylene glycol, 
carbohydrate or peptide group. A preferred "X" or H : 
macromolecular group is a peptide group. 
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TWE III 

HIV-aMnc DP178 analog carboxy truncations. 

X-LEA-Z 
X-LEAN-Z 
X-LEANI- Z 
X-LEANI S-Z 
5 X-LEANISQ-Z 
X-LEANISQS-Z 
X-LEANISQSL-Z 
X-LEANISQSLE-Z 
X-LEANI SQSLEQ-Z 
X-LEANISQSLEQA-Z 
X-LEANISQSLEQAQ-Z 
- ft X-LEANISQSLEQAQI-Z 
iW X-LEANISQSLEQAQIQ-Z 
X-LEANISQSLEQAQIQQ-Z 
X-LEANI SQSLEQAQIQQE-Z 
X-LEANISQSLEQAQIQQEK- Z 
X-LEANISQSLEQAQIQQEKN-Z 
X-LEANI SQSLEQAQIQQEKNM- Z 
X-LEANISQSLEQAQIQQEKNMY-Z 
15 X-LEANISQSLEQAQIQQEKNMYE-Z 
X-LEANISQSLEQAQIQQEKNMYEL-Z 
X-LEANI SQSLEQAQIQQEKNMYELQ- Z 
X-LEANI SQSLEQAQIQQEKNMYELQK-Z 
X-LEANI SQSLEQAQI QQEKNMYELQKL- Z 
X-LEANI SQSLEQAQIQQEKNMYELQKLN- Z 
X— LEAN I SQSLEQAQI QQEKNMYELQKLNS—Z 
„ _ X-LEANISQSLEQAQIQQEKNMYELQKLNSW-Z 
2 ° X— LEANISQSLEQAQIQQEKNMYELQKLNSWD-Z 
X-LEANISQSLEQAQIQQEKNMYELQKLNSWDV-Z 
X-LEANI SQSLEQAQIQQEKNMYELQKLN SWDVF-Z 
X— LEANI SQSLEQAQ IQQEKNMYELQKLNSWDVFT- Z 
X-LEANISQSLEQAQIQQEKNMYELQKLNSWDVFTN-Z 
X-LEANI SQSLEQAQIQQEKNMYELQKLN SWDVFTNW-Z 
X— LEAN I SQSLEQAQIQQEKNMY ELQKLN SWDVFTNWL- Z 

25 __ 

The one letter amino acid code is used. 

Additionally, 

M X W may represent an amino group, a hydrophobic group, 
including but not limited to carbobenzoxyl, dansyl, or 
„ T-butyloxycarbonyl; an acetyl group; a 9- 
30 f luorenylmethoxy-carbonyl (FMOC) group; a 

macromolecular carrier group including but not limited 
to lipid- fatty acid conjugates, polyethylene glycol, 
or carbohydrates . 

M Z H may represent a carboxy 1 group; an amido group; a 
T-butyloxycarbonyl group; a macromolecular carrier 
35 group including but not limited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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TABLE TV 

h1v * 2 nmz DP178 analog amino truncations* 

X-NWL-Z 

X-FTNWL-Z 
X-VFTNWL-Z 
X-DVFTNWL-Z 
X-WDVFTNWL-Z 
X-SWDVFTNWL-Z 
X-NSWDVFTNWL- Z 
X-LNSWDVFTNWL- Z 
X-KLNSWDVFTNWL- Z 
X-QKLNSWDVFTNWL- Z 
X-LQKLNSWDVFTNWL- Z 
X-ELQKLNSWDVFTMWL- Z 
X-Y ELQKLNS WDVFTNWL- Z 
X-MYELQKLNSWDVFTNWL-Z 
X-NMYELQKLNSWDVFTNWL-Z 
X-KNMY ELQKLNS WDVFTNWL- Z 
X-EKNMY ELQKLNS WDVFTNWL- Z 
X-QEKNMY ELQKLNS WDVFTNWL- Z 
X-QQEKNMY ELQKLNS WDVFTNWL- Z 
X-IQQEKNMY ELQKLNS WDVFTNWL- Z 
X-QIQQEKNMYELQKLNSWDVFTNWL-Z 
X-AQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-QAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-EQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-LEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-SLEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-QSLEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-SQSLEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X- I SQSLEQAQ I QQEKNMY ELQKLNS WDVFTNWL- Z 
X-NISQSLEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X-ANISQSLEQAQIQQEKNMYELQKLNSWDVFTNWL-Z 
X- EANI SQSLEQAQI QQEKNMY ELQKLNS WDVFTNWL- Z 
X - LEAN I SQ SLEQAQI QQ EKNM Y ELQKLNS WD VFTNWL - Z 



The one letter amino acid code is used. 
Additionally, 

°X W may represent an amino group, a hydrophobic group, 
including but not limited to carbobenzoxyl , dansyl, or 
30 T-butyloxycarbonyl; an acetyl group; a 9- 
f luorenylmethoxy-carbonyl (FMOC) group; a 
macromolecular carrier group including but not limited 
to lipid-fatty acid conjugates, polyethylene glycol, 
or carbohydrates* 

n Z H may represent a carboxyl group; an amido group; a 
T-butyloxycarbonyl group; a macromolecular carrier 
35 group including but not limited to lipid-fatty acid 
conjugates, polyethylene glycol, or carbohydrates. 
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DP178 and DP107 analogs are recognized or 
identified, for example, by utilizing one or more of 
the 107x178x4, ALLMOTI5 or PLZIP computer-assisted 
search strategies described and demonstrated, below, 
in the Examples presented in Sections 9 through 16 and 
19 through 25. The search strategy identifies 
additional peptide regions which are predicted to have 
structural and/or amino acid sequence features similar 
to those of DP107 and/or DP178. 

The search strategies are described fully, below, 
in the Example presented in Section 9* While this 
search strategy is based, in part, on a primary amino 
acid motif deduced from DP107 and DP178, it is not 
based solely on searching for primary amino acid 
sequence homologies, as such protein sequence 
homologies exist within, but not between major groups 
of viruses. For example, primary amino acid sequence 
homology is high within the TM protein of different 
strains of HIV-1 or within the TM protein of different 
isolates of simian immunodeficiency virus (SIV) . 
Primary amino acid sequence homology between HIV-l and 
SIV, however, is low enough so as not to be useful. 
It is not possible, therefore, to find peptide regions 
similar to DP107 or DP178 within other viruses, or 
within non-viral organisms, whether structurally, or 
otherwise, based on primary sequence homology, alone. 

Further, while it would be potentially useful to 
identify primary sequence arrangements of amino acids 
based on, for example, the physical chemical 
characteristics of different classes of amino acids 
rather than based on the specific amino acids 
themselves, such search strategies have, until now, 
proven inadequate. For example, a computer algorithm 
designed by Lupas et al. to identify coiled-coil 
propensities of regions within proteins (Lupas, A- , et 
al., 1991 Science 252 : 1162-11641 is inadequate for 
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identifying protein regions analogous to DP107 or 
DP178, 

Specifically, analysis of HIV-1 gpi60 (containing 
both gpi20 and gp4i) using the Lupas algorithm does 
not identify the coiled-coil region within DP107. It 
does, however, identify a region within DP178 
beginning eight amino acids N-terminal to the start of 
DP178 and ending eight amino acids from the c- 
terminus. The DP107 peptide has been shown 
experimentally to form a stable coiled coil. A search 
based on the Lupas search algorithm, therefore, would 
not have identified the DP107 coiled-coil region. 
Conversely, the Lupas algorithm identified the DP178 
region as a potential coiled-coil motif. However, the 
peptide derived from the DP178 region failed to form a 
coiled coil in solution, 

A possible explanation for the inability of the 
Lupas search algorithm to accurately identify coiled- 
coil sequences within the HIV- l TM, is that the Lupas 
algorithm is based on the structure of coiled coils 
from proteins that are not structurally or 
functionally similar to the TM proteins of viruses, 
antiviral peptides ( e.g. DP107 and DP178) of which are 
an object of this invention. 

The computer search strategy of the invention, as 
demonstrated in the Examples presented below, in 
Sections 9 through 16 and 19 through 25, successfully 
identifies regions of proteins similar to DP107 or 
DP178. This search strategy was designed to be used 
with a commercially-available sequence database 
package, preferably PC/Gene. 

A series of search motifs, the 107x178x4, 
ALLMOTI 5 and PLZIP motifs, were designed and 
engineered to range in stringency from strict to 
broad, as discussed in this Section and in Section 9, 
with 107x178x4 being preferred. The sequences 
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identified via such search motifs, such as those 
listed in Tables V-XIV, below, potentially exhibit 
antlfusogenic, such as antiviral, activity, may 
additionally be useful in the identification of 
antlfusogenic, such as antiviral, compounds, and are 
5 intended to be within the scope of the invention, 

Coiled-coiled sequences are thought to consist of 
heptad amino acid repeats. For ease of description, 
the amino acid positions within the heptad repeats are 
sometimes referred to as A through 6, with the first 

10 position being A, the second B, etc. The motifs used 
to identify DP107-like and DP178-like sequences herein 
are designed to specifically search for and identify 
such heptad repeats. In the descriptions of each of 
the motifs described, below, amino acids enclosed by 

15 brackets , i.e., [], designate the only amino acid 
residues that are acceptable at the given position, 
while amino acids enclosed by braces, i.e., {}, 
designate the only amino acids which are unacceptable 
at the given heptad position. When a set of bracketed 

20 or braced amino acids is followed by a number in 
parentheses i.e., (), it refers to the number of 
subsequent amino acid positions for which the 
designated set of amino acids hold, e.g, a (2) means 
••for the next two heptad amino acid positions". 

25 The ALLMOTI5 is written as follows: 

{CDGHF}-{CFP} <2)-{CDGHP}-{CFP}(3)- 
{CDGHP)-{CFP> (2) -{CDGHP}-{CFP} (3) - 
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)- 
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP} (3)- 
{CDGHP}-{CFP} (2)-{CDGHP}-{CFP) (3)- 

30 Translating this motif, it would read: "at the 

first (A) position of the heptad, any amino acid 
residue except C, D, G, H, or P is acceptable, at the 
next two (B,C) amino acid positions, any amino acid 
residue except C, F, or P is acceptable, at the fourth 

35 heptad position (D) , any amino acid residue except C, 
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D, G, H, or P is acceptable, at the next three (E, F, 
G) amino acid positions, any amino acid residue except 
C, F, or P is acceptable. This motif is designed to 
search for five consecutive heptad repeats (thus the 
repeat of the first line five times), meaning that it 
searches for 35-mer sized peptides. It may also be 
designed to search for 28-mers, by only repeating the 
initial motif four times. With respect to the 
ALLMOTI5 motif, a 35-meir search is preferred. Those 
viral (non-bacteriophage) sequences identified via 
such an ALLMOTI5 motif are listed in Table V, below, 
at the end of this Section. The viral sequences 
listed in Table V potentially exhibit antiviral 
activity, may be useful in the the identification of 
antiviral compounds, and are intended to be within the 
scope of the invention. In those instances wherein a 
single gene exhibits greater than one sequence 
recognized by the ALLMOTI 5 search motif, the amino a 
cid residue numbers of these sequences are listed 
under "Area 2", Area 3", etc. This convention is used 
for each of the Tables listed, below, at the end of 
this Section. 

The 107x178x4 motif is written as follows: 

[ EFIKLNQSTVWY ] - { CFMP } ( 2 ) - [ EFIKLNQSTVWY 1 - { CFMP } ( 3 ) - 
[ EFIKLNQSTVWY ] - { CFMP} ( 2 ) - [ EFIKLNQSTVWY 1 - { CFMP} ( 3 ) - 
2 5 [ EFIKLNQSTVWY ] - { CFMP } ( 2 ) - [ EFIKLNQSTVWY 1 - { CFMP } ( 3 ) - 
[ EFIKLNQSTVWY ] - { CFMP } ( 2 ) - [ EFIKLNQSTVWY ] - { CFMP } ( 3 ) - 

Translating this motif, it would read: "at the 

first (A) position of the heptad, only amino acid 

residue E, F, I, K, L, N, Q, S, T, V, W, or Y is 

acceptable, at the next two (B,C) amino acid 

positions, any amino acid residue except C, F, M or P 

is acceptable, at the fourth position (D) , only amino 

acid residue E, F, I, K, L, N, Q, S, T, V, W, or Y is 

acceptable, at the next three (E, F, G) amino acid 

positions, any amino acid residue except C, F, M or P 

is acceptable. This motif is designed to search for 
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four c nsecutive h ptad repeats (thus the repeat f 
the first line four times) , meaning that it searches 
for 28-mer sized peptides. It may also be designed to 
search for 3 5-mers, by repeating the initial motif 
five times. With respect to the 107x178x4 motif, a 
28-mer search is preferred. 

Those viral (non-bacteriophage) sequences 
identified via such a 107x178x4 motif are listed in 
Table VI, below, at the end of this Section, with 
those viral (non-bacteriophage) sequences listed in 
Table VII, below at the end of this Section, being 
preferred. 

The 107x178x4 search motif was also utilized to 
identify non-viral procaryotic protein sequences, as 
listed in Table VIII, below, at the end of this 
Section. Further, this search motif was used to 
reveal a number of human proteins. The results of 
this human protein 107x178x4 search is listed in Table 
IX, below, at the end of this Section. The sequences 
listed in Tables VIII and IX, therefore, reveal 
peptides which may be useful as antif usogenic 
compounds or in the identification of antifusogenic 
compounds, and are intended to be within the scope of 
the i n vent ion. 

The PLZIP series of motifs are as listed in FIG. 
19. These motifs are designed to identify leucine 
zipper coiled-coil like heptads wherein at least one 
proline residue is present at some predefined distance 
N-terminal to the repeat. These PLZIP motifs find 
regions of proteins with similarities to HIV-l DP178 
generally located just N-terminal to the transmembrane 
anchor. These motifs may be translated according to 
the same convention described above. Each line 
depicted in FIG. 19 represents a single, complete 
search motif. M X M in these motifs refers to any amino 
35 acid residue. In instances wherein a motif contains 
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two numbers within parentheses, this refers to a 
variable number of amino acid residues. For example, 
X (1,12) is translated to "the next one to twelve 
amino acid residues, inclusive, may be any amino 
acid" . 

Tables X through XIV, below, at the end of this 
Section, list sequences identified via searches 
conducted with such PLZIP motifs. Specifically, Table 
X lists viral sequences identified via PCTLZIP, 
P1CTLZIP and P2CTLZIP search motifs, Table XI lists 
viral sequences identified via P3CTLZIP, P4CTLZIP, 
P5CTLZIP and P6CTLZIP search motifs, Table XII lsts 
viral sequences identified via P7CTLZIP, P8CTLZIP and 
P9CTLZIP search motifs, Table XIII lists viral 
sequences identified via P12LZIPC searches and Table 
XIV lists viral sequences identified via P23TLZIPC 
search motifs The viral sequences listed in these 
tables represent peptides which potentially exhibit 
antiviral activity, may be useful in the 
identification of antiviral compounds, and are 
intended to be within the scope of the invention. 

The Examples presented in Sections 17, 18, 26 and 
27 below, demonstrate that viral sequences identified 
via the motif searches described herein identify 
substantial antiviral characteristics. Specifically, 
the Example presented in Section 17 describes peptides 
with anti-respiratory syncytial virus activity, the 
Example presented in Section 18 describes peptides 
with anti-parainfluenza virus activity, the Example 
presented in Section 2 6 describes peptides with anti- 
measles virus activity and the Example presented in 
Section 27 describes peptides with anti-simian 
immunodeficiency virus activity. 

The DP107 and DP178 analogs may, further, contain 
any of the additional groups described for DP178, 
above, in Section 5.1. For example, these peptides 
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may include any of 'the additional amino- terminal 
groups as described above for "X M groups, and may also 
include any of the car boxy-terminal groups as 
described, above, for H Z M groups* 

Additionally, truncations of the identified DP107 
and DP178 peptides are among the peptides of the 
invention. Further, such DP107 and DP178 analogs and 
DP107/DP178 analog truncations may exhibit one or more 
amino acid substitutions, insertion, and/or deletions* 
The DP178 analog amino acid substitutions, insertions 
and deletions, are as described, above, for DP178-like 
peptides in Section 5.1* The DP-107 analog amino acid 
substitutions, insertions and deletions are also as 
described, above, for DP107-like peptides in Section 
5.2* 

Tables XV through XXII, below, present 
representative examples of such DP107/DP178 
truncations. Specifically, Table XV presents 
Respiratory Syncytial Virus Fi region DP107 analog 
carboxy truncations, Table XVI presents Respiratory 
Syncytial Virus Fl region DP107 analog amino 
truncations, Table XVII presents Respiratory Syncytial 
Virus Fl region DP178 analog carboxy truncations, 
Table XVIII presents Respiratory Syncytial Virus Fl 
region DP178 analog amino truncations, Table XIX 
presents Human Parainfluenza Virus 3 Fl region DP178 
analog carboxy truncations, Table XX presents Human 
Parainfluenza Virus 3 Fl region DP178 analog amino 
truncations, Table XXI presents Human Parainfluenza 
Virus 3 Fl region DPI 07 analog carboxy truncations and 
Table XXII presents Human Parainfluenza Virus 3 Fl 
region DP107 analog amino truncations. Further, Table 
XXIII, below, presents DP107/DP178 analogs and analog 
truncations which exhibit substantial antiviral 
activity . These antiviral peptides are grouped 
according to the specific virus which they inhibit, 
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including respiratory syncytial virus, human 
parainfluenza virus 3, simian immunodeficiency virus 
and measles virus. 
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ALLMOTI5 SEARCH RESULTS SUMMARY 
FOR ALL VIRAL (NON-BACTERIOPHAGE) PROTEINS 
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TABLE XV 
RESPIRATORY SYNCYTIAL VIRUS DP3 

CARBOXY TRUNCAT 



X-YTS-Z 
X-YTSV-Z 
5 X-YTSVI-Z 
X-YTSVIT-Z 
X-YTSVITI-Z 
X-YTSVITIE-Z 
X-YTSVITIEL-Z 
X- YTS VITI ELS - Z 
X-YTSVJTIELSN-Z 

, ft X-YTSVITIELSNI-Z 

X X-YTSVITIELSNIK-Z 
X-YTSVITIELSNIKE-Z 
X-YTSVITIELSNIKEN-Z 
X-YTSVITIELSNIKENK-Z 
X-YTSVITIELSNIKENKC-Z 
X- YTSVITIELSNIKENKCN- Z 
X-YTSVITIELSNIKENKCNG-Z 

15 X-YTSVITIELSNIKENKCNGT-Z 
X-YTSVITIELSNIKENKCNGTD-Z 
X-YTSVITIELSNIKENKCNGTDA-Z 
X-YTSVITIELSNIKENKCNGTDAK-Z 
X- YTSVITIELSNIKENKCNGTDAKV- Z 
X-YTSVITIELSNIKENKCNGTDAKVK-Z 



oqaeo 10 'xooAxfi auaxAin.aAxod 

m b .'dnojcfi xAuoqaBoAxoxAq.nq-j; 
XAxoqjceo b q.uasaadajc Aetn „Zn 

oqjpo jo 'xooAxB auaxtoTC-^Tod S 

paq/cuijx ^ou ^nq Buxpnxoux 
aoeui e idnoiB (OOWJ) x^uooC-* 1 ^ 

oq. paq.x\ujx V> u ^ nc I fcuxpnxoux 
a6 ouxme ^uasajdaj Aetn „Xu 

'AxT«u°T^TPPV 
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TABLE XV 

RESPIRATORY SYNCYTIAL VIRUS F2 I 

AMINO TRUNCA 



5 



io 



x- 
x-i 

X-LI 
X-ELI 

15 X-QELI 

X-KQELI 
X-IKQELI 
X-LIKQELI 
X-KLIKQELI 
X-VKLIKQELI 



>oAx5 auaxAq^aAxod 'satveBnCuoo 
jq.xurrx q.ou ^nq Buxpnxoux dnoJL& 
?ui vt /dnojB x^uoqi^oAxoxAq.nq-1 

S 

• saq^apAqoqjreo jo 
?aq,e6nCuoo pxoc X^e^-pTdxx 
p dnoa£> japjHo jccxnoaxooioaoBTn 
ytld ) x^u°<^ TO -^ x °W 9in T*uaaorix J 
XAq.aoB ub t x AuoqaeoAxox A^nq-I 
d oq, paq.xraxx ^ou q,nq fiuxpnxoux 
Da6 ouxuxe qxtasajdaa Abui m Xii 
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table xvii 

respiratory syncytial virus fl 

carboxy truncat: 

X-FYD-Z 

X-FYDP-Z 

X-FYDPL-Z 
5 X-FYDPLV-Z 

X-FYDPLVF-Z 

X-FYDPLVFP-Z 

X-FYDPLVFPS-Z 

X-FYDPLVFPSD-Z 

X-FYDPLVFPSDE- Z 

X-FYDPLVFPSDEF-Z 

X-FYDPLVFPSDEFD-Z 
X X— FYDPLVFPSDEFDA- Z 

X-FYDPLVFPSDEFDAS-Z 

X— F YDPLVFP S DEFD AS I - Z 

X-F YDPLVFPSDEFDAS I S- Z 

X-FYDPLVFPSDEFDASISQ-Z 

X-FYDPLVFPSDEFDASISQV-Z 

X-FYDPLVFPSDEFDASISQVN-Z 
15 X- F YDPLVFPSDEFDAS I SQVNE- Z 

X- F YDPLVFPSDEFDAS I SQVNEK- Z 

X-FYDPLVFPSDEFDASISQVNEKI-Z 

X-FYDPLVFPSDEFDASISQVNEKIN-Z 

X-FYDPLVFPSDEFDASISQVNEKINQ-Z 

X-FYDPLVFPSDEFDASISQVNEKINQS-Z 



ox 



s 



dAi6 auaxAq^aAxod 'saq.^6nCuoo 
Itoitt ^ou q.nq SujpnxouT dnoafi 
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TABLE XVIII 
RESPIRATORY SYNCYTIAL VIRUS Fl 1 

AMINO TRUNCATIC 



X- 

X-S 

X-K£ 

X-RKS 

X-IRKf 

X-FIRKf 

X-AFIRKS 

X-LAFIRK5 

X-SLAFIRKS 

X-QSLAFIRKS 

X-NQSLAFIRKS 

X-INQSLAFIRKS 

X-KINQSLAFIRKS 

X-EKINQSLAFIRK£ 

X-NEKINQSLAFIRK£ 

X-VNEKINQSLAFIRK5 

X-QVNEKINQSLAFIRK5 

X-SQVNEKINQSLAFIRKS 

X-ISQVNEKINQSLAFIRK5 

X-SISQVNEKINQSLAFIRK5 

X-ASISQVNEKINQSLAFIRKS 

X-DASISQVNEKINQSLAFIRK5 
v-pn» CTcm7MrvTMncT.il ptdvc 



-aias HYwia i s iaiaanYASNNiii -x 
z -rra SHYMN^a is iaidaavASNNriii -x 
z-asxYHNiaisiaidaiYASNmii-x 
z - sxvxNna i s ia idcrc yasnitcxi -x 
z -XYXina isigi danvASNKaii -x 
z-YMinaisiaidcnYASNN^ii-x sx 

Z -MNTia I S iaidCTCYASNOTXI -X 

z -N^a i s iaidcriYASNNnxi -x 
z -ia is iaidai YASNNax i -x 
z-aisiaidcriYASNirixi-x 

Z-ISiaidCTIYASNNTXI-X 
Z-SiaidaiYASNOTXI-X 
Z-iaidCTCYASNNnCXI-X „ 
Z-aidCTCYASWnXI-X 
Z-Id(TCYASN*riXI-X 
Z — dOTYAS N*TIXI - X 
Z-aiYASNNaXI-X 
Z-TYASNNTIXI-X 
Z-YASNNTLLI-X 
Z-ASNWIXI-X 

z-snjtixi-x s 

Z-NNTIXI-X 

z-Naxi-x 

Z-1XI-X 

U1HX Akoaavb 

fc gnfctiA frZNaArtaNiYaYd mVWAH 
c anaYX 
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iiMaxsaaaasHvwiaisiaid-x 

iiMaxsaaaasHYMNiaisiai-x 

iiMansaa'iasHVMNaaisia-x 

iiMaasaariasxvwiaisi-x 

UMansaanasHVXNaa i s-x 

iiMansaanasHYXNaa i -x 

UMaxsaaTLasxvMNia-x 

iiMaHsaaaasxraHn-x 

UMaHsaaiasHVHN-x 

iiMansaaiasHYM-x 

iiMansaa'iasHV-x 

iiMaxsaancasx-x 

jiMansaaias-x 

UMaHsaaia-x 

JiMaxsaai-x 

JiMaxsaa-x 

IIM3MS3-X 

IIM3XS-X 

IIM3H-X 

IIM3-X 

IIM-X 

II-X 

I-X 

: Xd C SflHIA VZNamJNIVHVd NVWQH 

xx aiHVi 
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TABLE 

HUMAN PARAINFLUENZA VIRUS : 

CARBOXY TR13 

X-ALG-Z 
X-ALGV-Z 
X-ALGVA-Z 
5 X-ALGVAT-Z 
X-ALGVATS-Z 
X -ALGVATS A- Z 
X- ALGVATS AQ-Z 
X-ALGVATS AQI - Z 
X- ALG VATSAQ IT- Z 
X-ALGVATSAQITA- Z 
X -ALGVATS AQ I TAA- Z 

XO X-ALGVATSAQITAAV-Z 
X-ALGVATSAQITAAVA-Z 
X-ALGVATSAQITAAVAL-Z 
X-ALGVATS AQITAAVALV- Z 
X-ALGVATS AQITAA VALVE- Z 
X- ALGVATS AQITAAVALVEA- Z 
X-ALGVATS AQITAAVALVEAK- Z 

1 5 X-ALGVATS AQITAAVALVEAKQ- Z 
X - ALGVATS AQ I TAAVALVEAKQ A- Z 
X-ALGVATSAQITAAVALVEAKQAR- Z 
X -ALGVATS AQI TAAVALVEAKQ ARS - Z 
X- ALGVATSAQITAAVALVEAKQ ARSD - 
X - ALGVATS AQI TAAVALVEAKQ ARS D I 



raMixa i asHYOxva aiyayy-x 
raxixa i asHYOxYa atyay-x 
raxaxaiasHYOxYaAnYA-x 
-raMaxaiasHYOxvaAiY-x 
/a>nxa i asHYOHva ai-x 
*a>nxaiasHYOHY3A-x 

raHTXa I aSHY5HY3 - x 

raHixaiasHYOHY-x 

faxixa i asHYOx-x 

famxaiasHYO-x 

famnaiasHY-x 

famnaiasH-x 

famxaias-x 

fasrraaia-x 

fairraai-x 

faOTMa-x 

ram-x 

rax-x 

ra-x 

r-x 

-x 



[XYONfl&L OKtMY 
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TABLE X 

REPRESENTATIVE DP107/DP178 I 

Anti-Respiratorv syncytial vi 

X— TSVTTIELSNIKENKCNGTDAKVKLIK 
X-SVITI ELSNIKENKCNGTDAKVKLIKQ 
5 X-VITIELSNIKENKCNGTDAKVKLIKQE 
X-VAVSKVXHLEGEVNKIALLSTNKAWS 
X-AVSKVXHLEGEVNKIALLSTNKAVVSL 
X-VSKVLHLEGEVNKIALLSTNKAVVSLS 
X-SKVLHLEGEVNKIALLSTNKAVVSLSN 
X-KVLHLEGEVNKIALLSTNKAVVSLSNG 
X-LEGEVNKIALLSTNKAWSLSNGVSVT 
X-GEVNKIALLSTNKAWSLSNGVSVLTS 

X ° X-EVNKI ALLSTNKAWSLSNGVSVLTSK 
X-VNKIALLSTNKAWSLSNGVSVLTSKV 
X-NKI ALLSTNKAVVSLSNGVSVLTSKVT 
X-KIALLSTNKAVVSLSNGVSVLTSKVLE 
X-IALLSTNKAVVSLSNGVSVLTSKVLDI 
X-ALLSTNKAWSLSNGVSVXTSKVLDLJ 
X-VAVSKVLHLEGEVNKIALLSTNKAVV£ 

15 X-AVSKVLHLEGEVNKIALLSTNKAWSI 
X - VSKVLHLEG EVNKI ALLSTNKA WS L£ 
X-SKVLHLEGEVNKIALLSTNKAWSLS* 
X-KVLHLEGEVNKIALLSTNKAVVSLSNC 
X— LEGEVNKIALLSTNKAWSLSNGVSVI 
X-GEVNKIALLSTNKAWSLSNGVSVLTS 



z-arrioassaTia^nraaOTiYNOTNaoAcriHaasid-x 
z-noassaTiaHvaixviYNO'iNiDAa'iHa'isidd-x sz 
2 - lOassanaMYaaxYivNfnNJ.DAcrraansiddo-x 
z-oassa'naxvarrxviYNO'iNiOAaaHa'isiddoa-x 
z -assaTiaxvancxvi VNsyiMXOAaiHaas iddfna-x 
z-ssarrairraraYiYNDaNxoAarraa^iddDroi-x 
z - saTiaxvaixYi YN£yiNX9Aa f iHan s iddsyiaiu=- x 
z-anaMYanMYiYNfyiNiOAaiHaasiddJDaaiHH-x 
z-rraMYariHYiYND™i3AaaHarisiddDaaiHH r i-x ^ _ 

OS 



z-MoaAaMSNaHOrtaAWNxaOOiOYaamYJiiNaaa.j-x 

z-oaAaMSNxiOTiAWNHaooiOYaaTiYxiNaaTaa-x 

z=-aAaMSN r ixOqaAWNMaOOiOYaaTiYiiNaa , uciA-x 

z -AaMSOTMOrraAMioiaODiOYaanYiiNaaa joah-x sx 

z-aMSNnrxDaaAWNxaooiOYaanYiiNaaidaAxa-x 

z-MSNiHOiaAWNxaODibYaaiiYiiNaaruaAHHa-x 

z - s NiHOna AHNMaOOi Ovaan yx iNaanaa axh3m~x 

z-*riHO r iaAWNHaobiDYaa r i , iYiiNaa , iaaAXHaMa-x 

z-qxOiaAWNMaODiOYaanYiLiaaaidaAiiHaMaO-x 

z-xOiaAWNHaOOiOYaamviiNaarraaAXHaMaOM-x 

ssppasa siuta aoustot japountiiuix liteTiut^-t^tiY 0T 

Z-AiaXNAAaOASHIYAnN3ISSOASOAY>INJ.CniIY-X 
Z-HNAAaOASHIYAnNOISSOASOAYMNiCIHIYaOT-X 
Z-MAAaOASMIYAiaNOISSOASOAYXNJiaHIYaHnX-X 

z-OASHiYAiiNoissOAsOAYXNaiaHiYaxnxaias-x 

Z-ASHIYAnNOISSOASOAYMNMHIYajriHaiaSH-X 
Z-SXIYAIINDISSOASOAYHNXaHIYaHTraaiaSHY-X s 
Z-XIYAI , IN9ISS0AS0AYMNXaHIYa>nxaiaSHY0-X 
Z-IYAIINOISSOASOAYHNiaHIYaxnHaiaSHYOH-X 
Z-YAnNOISSOASOAYXNiaHIYaJTDiaiaSHYDXY-X 
Z-AIINOISSOASOAYHNiOHI Y3>nHa iaSHYOXY3-X 

z-nNoissOAsOAYXNxaHiYasnHaias^iYOxYaA-x 

Z-rENDISSOASOAYXNXOHIYaX'lHaiaSKYOXYaA'I-X 
Z-ISSOAS&AYXNXaHIYaOTXaiaSOTOXYaATYAY-X 
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"Z" may represent a carboxyl group; an amide 
T-butyloxycarbonyl group; a macromolecular c 
group including but not limited to lipid-fat 
conjugates, polyethylene glycol, or carbohyc 
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above.) Additionally, the hydrophobic groi 
butyloxycarbony 1 , or an amido group may be 
the peptides 1 carboxy termini. (See "Z" ii 
to IV, above.) 

Further, the peptides of the invent io] 
synthesized such that their steric configui 
altered. For example, the D- isomer of one 
the amino acid residues of the peptide may 
rather than the usual L-isomer. 

still further, at least one of the am 
residues of the peptides of the invention : 
substituted by one of the well known non-n 
occurring amino acid residues. Alteration 
these may serve to increase the stability, 
bioavailability and/ or inhibitory action o 
peptides of the invention. 

Any of the peptides described above m 
additionally, have a macromolecular carrie 
covalently attached to their amino and/or 
termini. Such macromolecular carrier grou 
include, for example, lipid-fatty acid con 
polyethylene glycol, carbohydrates or addi 
peptides. M X", in Tables I to IV, above, 
therefore additionally represent any of tfc 
macromolecular carrier groups covalently 2 
the amino terminus of a peptide, with an 2 
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»ur\ pxno/i quauiqeajq Aub jo aouasqB aqq. ux 'qoxq/\ 
ao Buxanqxno asx:xduioo Abw Abssb ug qons 'oaq.TA 
unaojjad Axx^J^uaB ajB sAessc uoxsnj XT^O 
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easily performed in vitro assays, such as tl 
described below, which can test the peptide) 
to inhibit syncytia formation, or their abi: 
inhibit infection by cell-free virus. Usini 
assays, such parameters as the relative ant. 
activity of the peptides, exhibit against a 
strain of virus and/or the strain specific 
activity of the peptide can be determined. 

A cell fusion assay may be utilized to 
peptides' ability to inhibit viral-induced, 
HIV- induced, syncytia formation in vitro , 
assay may comprise culturing uninfected eel 
presence of cells chronically infected with 
syncytial- inducing virus and a peptide to b 
For each peptide, a range of peptide concen 
may be tested. This range should include a 
culture wherein no peptide has been added, 
conditions for culturing, well known to tho 
ordinary skill in the art, are used. After 
for an appropriate period (24 hours at 37 C 
example) the culture is examined microscopi 
the presence of multinucleated giant cells, 
indicative of cell fusion and syncytia form 
Well known stains, such as crystal violet s 
be used to facilitate syncytial visualizati 
HXV as an example, such an assay would comp 
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Additionally, anti-RSV activity can be 
vivo via well known mouse models. For examj 
can be administered intranasally to mice of 
inbred strains. Virus replicates in lungs c 
strains, but the highest titers are obtained 
C57L/N and DBA/2N mice. Infection of BALB/< 
produces an asymptomatic bronchiolitis chart 
by lymphocytic infiltrates and pulmonary via 
of 10 4 to 10 $ pfu/g of lung tissue (Taylor, < 
1984, Infect. Immun. ±3:649-655). 

Cotton rat models of RSV are also well 
Virus replicates to high titer in the nose i 
of the cotton rat but produces few if any s: 
inflammation. 

5.6. USES OF THE PEPTIDES OF THE INVI 
The peptides of the invention may be ui 
antifusogenic or antiviral compounds, or as 
which modulate intracellular processes invo 
coiled coil peptide structures. Further, si 
peptides may be used to identify agents whii 
antifusogenic, antiviral or intracellular m< 
activity. Still further, the peptides of tl 
invention may be utilized as organism or vi: 
type/ subtype-specific diagnostic tools. 

The antifusogenic capability of the pe; 
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are required for normal activity of the viruj 
the peptides of the invention may also be ut. 
components in assays for the identification < 
compounds that interfere with such protein-p: 
interactions and may, therefore, act as anti 
5 agents. These assays are discussed, below, i: 
5.5.1. 

As demonstrated in the Example presente 
Section 6, the antiviral activity of the pep 
the invention may show a pronounced type and 
10 specificity, i.e. . specific peptides may be 
in inhibiting the activity of only specific 
This feature of the invention presents many 
advantages. One such advantage, for example 
the field of diagnostics, wherein one can us 
15 antiviral specificity of the peptide of the 
to ascertain the identity of a viral isolate 
respect to HIV, one may easily determine whe 
viral isolate consists of an HIV-1 or HIV-2 
For example, uninfected + cells may be c 

20 with an isolate which has been identified as 
containing HIV the DP178 (SEQ ID:1) peptide, 
which the retroviral activity of cell superr 
be assayed, using, for example, the techniqv 
d scribed above in Section 5.2. Those isolc 
retroviral activity is completely or nearly 
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potentially effective materials may be sere 
variety of ways, as described in this Secti 

The compounds, antibodies, or other mo 
identified may be tested, for example, for 
to inhibit cell fusion or viral activity, u 
for example, assays such as those described 
Section 5.5. 

Among the peptides which may be tested 
soluble peptides comprising DP107 and/or DF 
domains, and peptides comprising DP107 and/ 
domains having one or more mutations withir 
both of the domains, such as the M41-P pept 
described, below, in the Example presented 
8, which contains a isoleucine to proline n 
within the DP178 sequence. 

In one embodiment of such screening mc 
method for identifying a compound to be tes 
antiviral ability comprising: 

(a) exposing at least one compov 
peptide comprising a DP107 peptide for a tj 
sufficient to allow binding of the compound 
DP107 peptide; 

(b) removing non -bound compounds 

(c) determining the presence of 
compound bound to the DP107 peptide, 
thereby identifying an agent to be tested 1 



* pajoqs 

•cap* ux pajedaad aq Abm s objjhs aqx •aoBjaris 
[q oq upload aqq joqoue oq. pasn aq Abui uxaqoad 

aoj oxjxoads 'ApoqxquB xbuoxoououe p Axqejaxaad 
'Apoqxque pazxxxqouwix ub ' AxaAxqBu.iaqiY 

•6uxAap pup uxaqoad aqq jo uoi^nxos p qq-T** 
ens pxxos aqq fiupcoo Aq Aiduits paqsxxdiHOOOB aq 
iwqoE^^e quaiBAOO-uoN - squamqopqqp q.uaiPAOO jio 
>o-uou Aq pazxixqouiuix aq Abui quauoduioo paaoqoup 
i *pazxxxqn AxquaxuaAUOo aap saqpxd JcaqxqoaoTia 
'aoxqopjid ui 'Aiqoa;ixpux - 10 ^I^oaJTp .xaqq,xa 
;aqpx sx 'paaoqoup qou sx qoxq/\ 'aoue^sqns qsaq 
junoduioo aqq pup 'aopjans pxxos p oquo paaoqoup 
[ Abui uxaqoad QLXdQ *o £OTdd ^qq aaqqxa 'maqsAs 
► ub qons ui 'asoinixaoojiq.xu jo uoxAu 'axduiexa 

'jo pasoduioo sauB^quiaui 2.0 'saqsxp ti^ad 'sua/* 
[ aaqxqoaoxra 'sppaq ojqspxd 2.0 asojBfiB 'axdurexa 
: 'sb qons 'xx.zq.Biii pxxos b oq. apxq.dad QLT&.Q oqq. 
1 Ida sqq. aaqqja 10 quamqoBqq.B aqq apnxoux pxnoM 
Abssb ub sj spunoduioo 6uxpuxq-8£Tdd Jo Buxpuxq 
;a qons 30 uox^piosx aqq. ux pansjnd eq Abih qcqq 
oadde 10 sadAq asaqq Sujzxxxqn poqqaw auo 

• Aq.jxxqB xcatATquB 

aoj paqsaq. aq oq quafip ub 6uyAjxq.uapx Aqajtaqq. 

'apxqdad 8 /.Ida s*iq oq punoq puxtodwoo 
aqq xo aouasaad aqq 6uxuxuLxaqap (o) 



sz 



oz 



ST 



OT 



Dd 



S6P6V96 OM 



WO 96/19495 



4 



10 



15 



20 



25 



complexes were formed. Where 'the labeled cc 
not pre- labeled, an indirect label can be ui 
detect complexes anchored on the surface; e_ 
a labeled antibody specific for the compound 
antibody, in turn, may be directly labeled < 
indirectly labeled with a labeled anti-Ig ai 

Alternatively, such an assay can be coi 
a liquid phase, -the reaction products separ, 
unreacted components, and complexes detectei 
using an immobilized antibody specific for ] 
DP178, whichever is appropriate for the givt 
or ab antibody specific for the compound, i 
test substance, in order to anchor any comp 
formed in solution, and a labeled antibody 
for the other member of the complex to dete 
complexes. 

By utilizing procedures such as -this, 
numbers of types of molecules may be simult 
screened for DP107 or DP178-binding capabil 
thus potential antiviral activity. 

Further, compounds may be screened for 
to inhibit the formation of or, alternative 
DP107/DP178 complexes. Such compounds may 
tested for antif usogenic, antiviral or inte 
modulatory capability. For ease of descrip 
and DP178 will be referred to as "binding p 
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been formed. The various formats are desci 
briefly below. 

In a heterogeneous assay system, one 1 
partner, e.g. . either the DP107 or DP178 pi 
anchored onto a solid surface, and its bine 
partner, which is not anchored, is labeled, 
directly or indirectly. In practice, micr< 
plates are conveniently utilized. The and 
species may be immobilized by non-covalent 
attachments. Non-covalent attachment may 1 
accomplished simply by coating the solid si 
a solution of the protein and drying. Alti 
an immobilized antibody specific for the p: 
be used to anchor the protein to the solid 
The surfaces may be prepared in advance an 

In order to conduct the assay, the bi 
partner of the immobilized species is adde 
coated surface with or without the test co 
After the reaction is complete, unreacted 
are removed f e.g. . by washing) and any com 
formed will remain immobilized on the soli 
The detection of complexes anchored on the 
surface can be accomplished in a number of 
Where the binding partner was pre- labeled, 
detection of label immobilized on the surf 
indicates that complexes were formed. Whe 
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compounds for the disruption of the complex* 
by these two peptides by immunometrically v 
DP178/M41A178 complexes via the human reconL 
Fab-d, as described, below, in the Example ; 
in section 8. M41A178 is a maltose binding 
5 protein containing a gp41 region having its 
domain deleted, and is described, below, in 
Example presented in Section 8. 

Utilizing such an assay, M41A178 may b 
immobilized onto solid supports such as mic 
10 wells. A series of dilutions of a test com 
then be added to each M41A17 8 -containing we 
presence of a constant concentration of DP- 
peptide. After incubation, at, for example 
temperature for one hour, unbound DP-178 an 
i5 compound are removed from the wells and we3 
incubated with the DP178/M4lAl78-specif ic I 
antibody* After incubation and washing, ur 
is removed from the plates and bound Fab-d 
quant i tat ed. A no- inhibitor control shoulc 
20 conducted. Test compounds showing an abili 
disrupt DP178/M41A178 complex formation an 
by their concentration-dependent decrease j 
of Fab-d binding. 

A variation of such an assay may be ul 
25 perform a rapid, high- throughput binding as 
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agents is preferred, techniques well known 
ordinary skill in the art may be utilized, 
example, such agents may be encapsulated in 
liposomes, then administered as described a 
Liposomes are spherical lipid bi layers with 
interiors. All molecules present in an aqu 
solution at the time of liposome formation 
incorporated into the aqueous interior. Tfc 
contents are both protected from the exterr 
microenvironment and, because liposomes fus 
membranes, are effectively delivered into t 
cytoplasm. Additionally, due to their hydz 
when small molecules are to be administered 
intracellular administration may be achieve 
Nucleotide sequences encoding the pept 
invention which are to be intracellular ly £ 
may be expressed in cells of interest, usii 
techniques well known to those of skill in 
For example, expression vectors derived frc 
such as retroviruses, vaccinia viruses, adc 
associated viruses, herpes viruses, or bovj 
papilloma viruses, may be used for deliver} 
expression of such nucleotide sequences in1 
targeted cell population. Methods for the 
construction of such vectors and express ioi 
are w 11 known. Se , for example, Sambroo) 
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little or no toxicity. The dosage may vary 
this range depending upon the dosage form e 
the route of administration utilized. For 
compound used in the method of the invent io 
therapeutically effective dose can be est in 
initially from cell culture assays* A dose 
formulated in animal models to achieve a ci 
plasma concentration range that includes tfa 
( e.g. . the concentration of the test compou 
achieves a half-maximal inhibition of the f 
event, such as a half-maximal inhibition of 
infection relative to the amount of the eve 
absence of the test compound) as determined 
culture. Such information can be used to n 
accurately determine useful doses in humans 
in plasma may be measured, for example, by 
performance liquid chromatography (HPLC) . 

The peptides of the invention may, fuz 
the role of a prophylactic vaccine, whereir 
raises antibodies against the peptides of t 
invention, which then serve to neutralize t 
by, for example, inhibiting further HIV ini 

Administration of the peptides of the 
as a prophylactic vaccine, therefore, woulc 
administering to a host a concentration of 
effective in raising an immune response whj 
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response. Such adjuvants nay include , but are 
limited to mineral gels such as aluminum hydro: 
surface active substances such as lysolecithin, 
pluronic polyols, poly anions; other peptides; < 
emulsions; and potentially useful human adjuvai 
as BCG and Corynebacterium parvum. Many m tho< 
be used to introduce the vaccine formulations 
described here. These methods include but are 
limited to oral, intradermal, intramuscular, 
intraperitoneal, intravenous, subcutaneous, an< 
intranasal routes. 

Alternatively, an effective concentration 
polyclonal or monoclonal antibodies raised aga. 
peptides of the invention may be administered - 
host so that no uninfected cells become infect* 
HIV. The exact concentration of such antibodi* 
vary according to each specific antibody prepa: 
but may be determined using standard technique 
known to those of ordinary skill in the art. 
Administration of the antibodies may be accomp 
using a variety of techniques, including, but 
limited to those described in this section. 

For all such treatments described above, 
exact formulation, route of administration and 
can be chosen by the individual physician in v 
the patient's condition. (See e.g. Fingl et a 



will vary with the severity of the conditio 
treated and the route of administration. 1 
perhaps dose frequency, will also vary accc 
the age, body weight, and response of the i 
patient. A program comparable to that disc 
may be used in veterinary medicine. 

Use of pharmaceutical ly acceptable cax 
formulate the compounds herein disclosed fc 
practice of the invention into dosages suit 
systemic administration is within the scope 
invention. With proper choice of carrier « 
manufacturing practice, the compositions ol 
present invention, in particular, those foi 
solutions, may be administered parenteral^ 
by intravenous injection. The compounds a 
formulated readily using pharmaceutical ly * 
carriers well known in the art into dosages 
for oral administration. Such carriers ens 
compounds of the invention to be formulate< 
tablets, pills, capsules, liquids, gels, s? 
slurries, suspensions and the like, for or; 
by a patient to be treated. 

Pharmaceutical compositions suitable : 
the present invention include compositions 
active ingredients are contained in an eff< 
amount to achieve its intended purpose. D< 
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for oral administration may be in the form of 
dragees, capsules, or solutions. 

The pharmaceutical compositions of the pr 
invention may be manufactured in a manner that 
itself known, e.g. . by means of conventional m 
dissolving, granulating, dragee-making, leviga 
emulsifying, encapsulating, entrapping or lyop 
processes. 

Pharmaceutical formulations for parentera 
administration include aqueous solutions of th 
compounds in water-soluble form. Additionally 
suspensions of the active compounds may be pre 
appropriate oily injection suspensions. Suita 
lipophilic solvents or vehicles include fatty 
such as sesame oil, or synthetic fatty acid es 
such as ethyl oleate or triglycerides, or lipc 
Aqueous injection suspensions may contain subs 
which increase the viscosity of the suspension 
as sodium carboxymethyl cellulose, sorbitol, c 
dextran. Optionally, the suspension may also 
suitable stabilizers or agents which increase 
solubility of the compounds to allow for the 
preparation of highly concentrated solutions. 

Pharmaceutical preparations for oral use 
obtained by combining the active compounds wit 
excipient, optionally grinding a resulting mi> 



added, such as the cross- linked polyvinyl p 
agar, or alginic acid or a salt thereof sue 
alginate. 

Dragee cores are provided with suitabl 
For this purpose, concentrated sugar soluti 
used, which may optionally contain gun arab 
polyvinyl pyrrolidone, carbopol gel, polyet 
glycol, and/or titanium dioxide, lacquer so 
and suitable organic solvents or solvent mi 
Dyestuffs or pigments may be added to the t 
dragee coatings for identification or to ch 
different combinations of active compound d 
Pharmaceutical preparations which can 
orally include push-fit capsules made of ge 
well as soft, sealed capsules made of gelat 
plasticizer, such as glycerol or sorbitol, 
push-fit capsules can contain the active ir 
in admixture with filler such as lactose, k 
as starches, and/or lubricants such as talc 
magnesium stearate and, optionally, stabili 
soft capsules, the active compounds may be 
or suspended in suitable liquids, such as i 
liquid paraffin, or liquid polyethylen glj 
addition, stabilizers may be added. 

6. EXAMPLE: DP178 (SEQ ID:1) IS A 1 
INHIBITOR OF HTV-1 INFECTION 
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is highly specific for HIV-l. Additionally, a 
synthetic peptide, DP- 18 5 (SEQ ID: 3), represenl 
HIV-l-derived DP178 homo log is also found to bJ 
HIV-l -mediated syncytia formation, 

6.1. MATERIALS AND METHODS 

6.1.1. PEPTIDE SYNTHESIS 
Peptides were synthesized using Fast Moc 
chemistry on an Applied Biosy steins Model 4 31A ] 
synthesizer. Generally, unless otherwise not < 
peptides contained amidated carboxy termini anc 
ace ty la ted amino termini. Amidated peptides w< 
prepared using Rink resin (Advanced chemtech) \ 
peptides containing free carboxy termini were 
synthesized on Wang (p-alkoxy-benzyl-alcohol) 3 
(Bachem) . First residues were double coupled 1 
appropriate resin and subsequent residues were 
coupled. Each coupling step was followed by a< 
anhydride capping. Peptides were cleaved from 
resin by treatment with trif luoracetic acid (T) 
(10ml), Hp (0.5ml), thioanisole (0.5ml), ethan 
(0.25ml), and crystalline phenol (0.75g). Pur. 
cation was carried out by revers phase HPLC. 
Approximately 50mg samples of crude peptide we: 
chroma tographed on a Haters Delta Pak CI 8 colui 



6.1.2. VIRUS 
The HIV-luu virus was obtained from R, 
(Popovic, M. et al. . 1984, Science 224 ;497 
propagated in CEM cells cultured in RPMI l 
containing 10% fetal calf serum. Supernat 
infected CEM cells was passed through a 0. 
and the infectious titer estimated in a 
microinf ectivity assay using the AA5 cell 
support virus replication. For this purpo 
serial diluted' virus was added to 75/xl AA5 
concentration of 2 x 10 s /ml in a 9 6 -we 11 m: 
plate. Each virus dilution was tested in 
Cells were cultured for eight days by addi 
fresh medium every other day. On day 8 po 
infection, supernatant samples were tested 
replication as evidenced by reverse transc 
activity released to the supernatant. The 
calculated according to the Reed and Muenc 
(Reed, L.J. et al. , 1938, Am. J. Hyg. 2Z:4 
The titer of the HIV-1,^, and HIV-l,^ stocks 
these studies, as measured on the AA5 eel] 
approximately 1.4 x 10* and 3.8 x 10 4 TCID* 
resp ctively. 

6.1.3. CELL FUSION ASSAY 
Approximately 7 x 10 4 Molt cells were 
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at. a 4 Ox magnification which allowed visual izat 
the entire well in a single field. 

6-1.4. CELL FREE VIRUS I NFECTION ASSAY 

Synthetic peptides were incubated at 37 C ' 
either 247 TCID^ (for experiment depicted in FI 
or 62 TCIDjo (for experiment depicted in FIG. 3) 
of HIV-Ilu virus or 25 TCIDjo units of HIV^,^ a 
CD4 + cells at peptide concentrations of 0, 0.04 
4.0, and 40/xg/ml for 7 days. The resulting rev 
transcriptase (RT) activity in counts per mi nut 
determined using the assay described, below, in 
Section 6.1.5. See, Reed, L.J. et al. . 1938, A 
Hyg. 2Z* 493-497 for an explanation of TCID^ 
calculations . 

6.1.5. REVERSE TRANSCRIPTASE ASSAY 
The micro-reverse transcriptase (RT) assay 
adapted from Goff et al . (Goff, s. et al . . 1981 
Virol. 1^:239-248) and Willey et al . (Willey, R 
al. , 1988, J. Virol. 61:139-147). Supernatants 
virus/cell cultures are adjusted to 1% Triton-X 
lOjil sample of supernatant was added to 50/ul of 
cocktail in a 96-well U-bottom microtitre plate 
the samples incubated at 37 C for 90 min. The 
cocktail contained 75mM KCl, 2mM dithiothreitol 
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paper, with partial vacuum applied. Each v 
minifold was washed four times with 200/il 2 
full vacuum. The membrane was removed fron 
minifold and washed 2 more times in a pyr > 
an excess of 2xSSC. Finally, the membrane 
5 on absorbent paper, placed on Whatman #3 pa 
covered with Saran wrap, and exposed to fil 
at -70°C. 

6.2. RESULTS 

10 6,2.1. PEPTIDE INHIBITION OF INFECT 

INDUCED SYNCYTIA FORMATION 

The initial screen for antiviral acti> 

peptides' ability to block syncytium formal 

by overnight co-cultivation of uninfected 1 

15 with chronically HIV-1 infected OEM cells, 
results of several such experiments are pr< 
herein. In the first of these experiments, 
DP178 (SEQ ID:1) peptide concentrations be1 
lOpg/ml and 12.5ng/ml were tested for bloc] 

20 cell fusion process. For these experiments 
chronically infected with either HIV-1,^, I 
lap, or HIV-1 SF2 virus were cocultivated ove] 
uninfected Molt 4 cells. The results (FIG 
that DP178 (SEQ ID:1) afforded complete pr- 

25 against each of the HIV-1 isolates down to 
r.nnr.Rnt.ration of DP178 (SEQ ID:1) used. F 
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ID: 1) is primary seguence-specif ic and not rel 
non-specific peptide /protein interactions* Th 
endpoint ( i.e. . the lowest effective inhibitor 
concentration) of DP178 inhibitory action is w 
the range of 1-10 ng/ml. 

The next series of experiments involved t 
preparation and testing of a DP178 (SEQ ID:1) 
for its ability to inhibit HIV-l-induced syncy 
formation. As shown in FIG. l, the sequence o 
(SEQ ID: 3) is slightly different from DP178 (S 
in that its primary sequence is taken from the 
isolate and contains several amino acid differ 
relative to DP178 (SEQ ID:1) near the N termin 
shown in FIG. 4, DP-185 (SEQ ID:3), exhibits 
inhibitory activity even at 3l2.5ng/ml, the lc 
concentration tested. 

The next series of experiments involved a 
comparison of DP178 (SEQ ID:1) HIV-l and HIV-2 
inhibitory activity. As shown in FIG. 5, DP17 
ID:1) blocked HIV-l-raediated syncytia formatic 
peptide concentrations below lng/ml. DP178 (£ 
failed, however, to block HIV-2 mediated syncj 
formation at concentrations as high as 10/xg/m] 
striking 4 log selectivity of DP178 (SEQ ID:1) 
inhibitor of HIV-l-mediated cell fusion demons 
an unexpected HIV-l specificity in the action 
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6.2.2. PEPTIDE INHIBITION OF INFECT 
CELL-FREE VIRUS _ 

DP178 (SEQ ID:l) was next tested for i 
to block CD-4 + CEM cell infection by cell f 
virus. The results, shown in FIG. 2 , ar f 
5 experiment in which DP178 (SEQ ID:i) was as 
its ability to block infection of CEM cells 
HIV-luu isolate. Included in the experim n 
three control peptides, DP-116 (SEQ 10:9), 
ID:8), and DP-118 (SEQ ID:10). DP-116 (SEC 

10 represents a peptide previously shown to be 
using this assay, and DP- 12 5 (SEQ ID: 8; Wil 
al. f 1992, Proc. Natl. Acad, Sci. USA 89: 10 
DP-118 (SEQ ID: 10) are peptides which have 
been shown to be active in this assay. Eac 

15 concentration (0, 0.04, 0.4, 4, and 40pg/ml 
peptide was incubated with 247 TCID S0 units 
virus and CEM cells. After 7 days of cultu 
free supernatant was tested for the presenc 
activity as a measure of successful infect i 

20 results, shown in FIG. 2, demonstrate that 
ID:1) inhibited the de novo infection procc 
by the HIV-1 viral isolate at concentratior 
90ng/ml (IC50-90ng/ml) . In contrast, the t 
control peptides, DP-125 (SEQ: ID: 8) and DI 

25 ID: 10), had over 60-fold higher IC50 concer 
approximately 5/xg/ml. 

In a separate experiment, the HIV-l ar 
inhibitory action of DP178 (SEQ ID:1) was 1 
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as a HIV-l inhibitor than a HIV-2 inhibitor. 1 
finding is consistent with the results of the i 
inhibition assays described , above, in Section 
and further supports a significant level of 
selectivity ( i.e. . for HIV-l over HIV-2) . 

5 

7. EXAMPLE: THE HIV-l INHIBITOR, 

DP178 fSEO IDs 11 IS NON-CYTOTOXTC 

In this Example, the 36 amino acid synthe^ 
peptide inhibitor DP178 (SEQ ID:1) is shown to 
10 cytotoxic to cells in culture, even at the higl 
peptide concentrations (40/xg/ml) tested. 

7.1. MATERIALS AND METHODS 

Cell proliferation and toxicity assay: 
15 Approximately 3.8x10 s CEM cells for each peptic 
concentration were incubated for 3 days at 37 
flasks. Peptides tested were DP178 (SEQ ID:1) 
116 (SEQ ID:9), as described in FIG. 1. Pepti 
synthesized as described, above, in Section 6. 
20 concentrations of each peptide used were 0, 2. 
and 40/xg/ml. Cell counts were taken at incuba 
times of 0, 24, 48, and 72 hours. 



25 



7.2. RESULTS 
Wh ther the potent HIV-l inhibitor DP178 
Tn«n ovhih^ofl anv cvtotoxic effects was asse 



The results of "the cytotoxicity study 
that DP178 (SEQ ID:1) exhibits no cytotoxic 
cells in culture. As can be seen, below, i 
XXIV, even the proliferation and viability 
characteristics of cells cultured for 3 da} 
presence of the highest concentration of DI 
ID:1) tested (40/*g/ml) do not significantly 
from the DP-116 (SEQ ID: 9) or the no-p ptic 
The cell proliferation data is also represc 
graphic form in FIG. 6. As was demonstrate 
Working Example presented above in section 
(SEQ ID:1) completely inhibits HIV-l medial 
formation at peptide concentrations betweei 
lOng/ml, and completely inhibits cell-fr e 
infection at concentrations of at least 90i 
Thus, this study demonstrates that even at 
concentrations greater than 3 log higher tl 
inhibitory dose, DP178 (SEQ ID:1) exhibits 
cytotoxic effects. 
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TABLE XXIV 

% Viability 
at time (houi 

Peptide 

5 Peptide Concentration /la/ml 0 24 48 1 



DP178 40 98 97 95 

(SEQ 



10 



15 



ID:1) 



10 98 97 98 

2.5 98 93 96 



DP116 40 98 95 98 

(SEQ 
ID:9) 

10 98 95 93 

2.5 98 96 98 



NO 0 98 97 99 

Peptide 
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8. EXAMPLE: THE INTERACTION OF DP 17 8 AND 
Soluble recombinant forms of gp41 used in 
25 example described below provide evidence that 1 
DP178 peptide associates with a distal site on 
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due to their ability to form complexes with 
and interfere with its fusogenic process. 

8.1. MATERIALS AND METHODS 

5 8.1.1. CONSTRUCTION OF FUSION PI 

AND GP41 MUTANTS 

Construction of fusion proteins and mv 

in FIG. 7 was accomplished as follows: the 

sequence corresponding to the extracellulaj 

10 gp41 (540-686) was cloned into the Xmn I si 
expression vector pMal-p2 (New England Bio] 
M41. The gp41 sequence was amplified from 
(Malim et al., 1988, Nature 355: 181-183) \ 
polymerase chain reaction (PCR) with upstr* 

15 5 1 -ATGACGCTGACGGTACAGGCC-3 • (primer A) and 
primer 5 • -TGACTAAGCTTAATACCACAGCCAATTTGTTA r . 
B) . M41-P was constructed by using the T7* 
in vitro mutagenesis kit from United state? 
Biochemicals (USB) following the supplier 1 j 

20 instructions. The mutagenic primer (5*- 

GGAGCTGCTTGGGGCCCCAGAC-3 ' ) introduces an I. 
mutation in M41 at position 578. M41A107, 
the DP-107 region has been deleted, was mai 
deletion mutagenic primer 5»- 

2 5 CCAAATCCCCAGGAGCTGCTCGAGCTGCACTATACCAGAC-3 
following the USB T7-Gen mutagenesis proto- 
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were checked by restriction enzyme analysis an 
confirmed by DNA sequencing* 

8.1.2. PURIFICATION AND CHARACTERIZ 
OF FUSION PROTEINS 

5 The fusion proteins were purified accord! 

the protocol described in the manufacturer's t 

of protein fusion and purification systems frc 

England Biolabs (NEB) • Fusion proteins (10 ng 

analyzed by electrophoresis on 8% SDS poly aery 

10 gels. Western blotting analysis was performed 
described by Sambrook et al., 1989, Molecular 
A Iiaboratory Manual, 2d Ed, Cold Spring Harboz 
Laboratory Press, Cold Spring Harbor, NY, Ch. 
pp. 64-75. An HIV-1 positive serum diluted 1C 

15 or a human Fab derived from repertoire cloninc 
used to react with the fusion proteins. The s 
antibody was HRP-con jugated goat antihuman Fat 
ECL Western blotting detection system (Amershs 
used to detect the bound antibody. A detailec 

20 protocol for this detection system was provide 
manufacturer. Rainbow molecular weight marker 
(Amersham) were used to estimate the size of J 
proteins . 



25 8.1.3. CELL FUSION ASSAYS FOR ANTI-HIV AC 

cell fusion assays were performed as pre^ 
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not show cytotoxicity at the concentrations 
shown in FIG. 8* 

Inhibition of HIV-1 induced cell-cell 
activity was carried out in the presence of 
DP178 and various concentrations of M41A178 
S PA178 as indicated in FIG. 9. There was nc 
syncytia in the presence of 10 nH DP 17 8. I 
or fusion protein was added in the control 

8.1.4. ELiIS A ANALYSIS OF DP178 I 
10 TO THE LEUCINE ZIPPER M01 

The amino acid sequence of DP178 used 

YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF . For 

linked immunoassay (ELISA) , M41A178 or M41- 

/ig/ml) in 0.1M NaHC0 3 , pH 8.6, were coated 

15 Linbro ELISA plates (Flow Lab, Inc.) overn: 
well was washed three times with distilled 
blocked with 3% bovine serum albumin (BSA) 
hours. After blocking, peptides with 0.5% 
(40 mM Tris-HCl pH7.5, 150 mM NaCl, 0.05% ' 

20 were added to the ELISA plates and incubat* 
temperature for 1 hour. After washing thr< 
with TBST, Fab-d was added at a concentrat 
ng/ral with 0.5% BSA in TBST. The plates w 
three times with TBST after incubation at : 

25 temperature for 1 hour. Horse radish pero 
coniucrated croat antihuman Fab antiserum at 
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(Molecular Design) at 490 nrs. Results are she*; 
FIG. 10. 

8.2. RESULTS 

8.2.1. THE EXPRESSION AND CHARACTER! 
5 OF THE ECTODOMAIN OF cre4? 

As a step toward understanding the roles c 

two helical regions in gp41 structure and funct 

the ectodomain of gp41 was expressed as a maltc 

binding fusion protein (M41) (FIG. 7). The fus 

10 peptide sequence at the N-terminal of gp41 was 
from this recombinant protein and its derivati\ 
improve solubility. The maltose binding protej 
facilitated purification of the fusion prot ins 
relatively mild, non-denaturing conditions. Be 

15 the M41 soluble recombinant gp41 was not glycoc 
lacked several regions of the transmembrane pre 
(i.e. - the fusion peptide, the membrane spannir 
the cytoplasmic domains) , and was expressed in 
absence of gpl20, it was not expected to pr cis 

20 reflect the structure of native gp41 on HIV-1 t 
Nevertheless, purified M41 folded in a manner 1 
preserved certain discontinuous epitopes as ev: 
by reactivity with human monoclonal antibodies, 
126-6, and 50-69, previously shown to bind 

25 conformational epitopes on native gp41 express) 

1 J — "» 1 ~ /v., *. 1 1 QQ1 T -*-r^1 £1 
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eliminated reactivity with Fab-d. These rc 
indicate that both helical regions, separat 
amino acids in the primary sequence, are r< 
maintain the Fab-d epitope. 



8.2-2. ANTI-HIV ACTIVITY OF THE 
RECOMBINANT ECTO DOMAIN Q1 

The wild type M41 fusion protein was 1 

anti-HIV-1 activity. As explained, subra . 

10 peptides corresponding to the leucine zipp< 
and the C- terminal putative helix (DP 17 8) i 
anti-HIV activity. Despite inclusion of b< 
regions, the recombinant M41 protein did n< 
HIV-1 induced membrane fusion at concentra' 

15 high as 50 /iM (Table XXV, below) . 



5 



TABLE 

DISRUPTION OF THE LEUCINE ZIPPER 
GP41 FREES THE ANTI-HIV MOTIF 



20 



DPI 07 



mm 



M41 



M41-P 



Cell fusion 



1 /iM 



1 nM 



>50/xM 83 nM 



25 



Fab-D 
binding (k 0 ) 



3.5x10^ 



2.5x10 



HIV infectiv 
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25 



concentration of purified recombinant fu«inn nmtAin in ppmi \&a 
10% fetal bovine serum and antibiotics in a 96- well microtiter pla 
CEM4 cells at 6 x 10 5 cells/ml were added to each well, and culti 
incubated at 37°C in a humidified CO, incubator. Cells were cull 
days by the addition of fresh medium every 2 to 3 days. On days 
postinfection, supernatant samples were assayed for reverse transc 
activity, as described below, to monitor viral replication. The 50 
culture infectious dose (TCID») was calculated for each condition 
to the formula of Reed & Muench, 1937, Am. J. Hyg. 27:493-49 
activity was determined by a modification of the published metho< 
al., 1981, J. Virol. 38:239-248 and Willey et al., 1988 J Virol 
as described in Chen et a!., 1993, AIDS Res. Human Retroviruse 
1086. 



Surprisingly, a single amino acid substiti 
proline in place of isoleucine in the middle oi 
leucine zipper motif, yielded a fusion protein 
which did exhibit antiviral activity (Table XX\ 
15 Fig. 8). As seen in Table XXV, M41-P blocked s 
formation by 90% at approximately 85 nM and 
neutralized HIV-l^ infection by 90% at approxi 
70 nM concentrations. The anti-HIV-1 activity 
P appeared to be mediated by the C-terminal he] 
sequence since deletion of that region from M4J 
yielded an inactive fusion protein, M41-PA178 ( 
XXV). This interpretation was reinforced by 
experiments demonstrating that a truncated fusj 
protein lacking the DP178 sequence, M41A178, ar 
the potent anti-fusion activity of the DP178 p< 



the DP178 region, making it unavailable fo: 
activity. 

A specific association between these 
is also indicated by other human monoclona 
studies. For example, Fab-d failed to bin 
DP178 peptide or the fusion protein H41A17 
epitope was reconstituted by simply mixing 
reagents together (FIG. 10). Again, the p 
mutation in the leucine zipper domain of t 
protein, M41-PA178, failed to reconstitute 
in similar mixing experiments. 

9. EXAMPLE: METHOD FOR COMPUTER-AS 

IDENTIFICATION OF DP10 
AND DP178-LIKE SEOUENC 

A number of known coiled-coil sequenc 
well described in the literature and conts 
repeat positioning for each amino acid. C 
nomenclature labels each of seven amino ac 
heptad repeat A through G, with amino acic 
tending to be hydrophobic positions. Amii 
and G tend to be charged. These four pos: 
E, and G) form the amphipathic backbone s1 
monomer ic alpha-helix. The backbones of 1 
amphipathic helices interact with each otl 
di-, tri-, tetrameric, etc., coiled-coil s 
In order to begin to design computer sean 
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deducing the roost likely possibilities for hept 
positioning of the amino acids of HIV-l Bru DP- 
which is known to have coiled-coil structure, a 
1 Bru DP178, which is still structurally undefi 
The analysis of each of the sequences is contai 
FIG. 12. For example, the motif for GCN4 was d 
as follows: 

1. The only amino acids (using standard singl 
letter amino acid codes) found in the A or 
positions of GCN4 were [LMNV] - 

2. All amino acids were found at B, c, E, F, 
positions except {CFGIMPTW}. 

3. The PESEARCH motif would, therefore, be wr 
as follows: 

[IMNV] -{CFGIMPTW} (2) -[LMNV] -{CFGIMPTW} (3)- 
[ LMNV] - { CFGIMPTW} ( 2 ) - [ LMNV] - { CFGIMPTW} ( 3 ) - 
[LMNV J— {CFGIMPTW} (2) - [LMNV] -{CFGIMPTW} (3)- 
[IMNV] -{CFGIMPTW} (2) —[LMNV] -{CFGIMPTW} (3) 

Translating or reading the motif: "at the first 
position either L, M, N, or V must occur; at pc 
B and C (the next two positions) accept every tl 
except C, F, G, I, M, P, T, or W; at the D pos: 
either L, M, N, or V must occur; at positions ] 
and G (th next 3 positions) accept everything 
C, F, G, I, M, P, T, or W." This statement is 
contained four times in a 28-mer motif and f ivi 



sequence alignments for both DP107 and DPI" 
Includes motif designs based on 28-mer, 35- 
full-length peptides. Notice that only si: 
differences occur in the motifs as the pepl 
lengthened. Generally, lengthening the bai 
results in a less stringent motif. This ii 
useful in broadening the possibilities for 
DP107-or DP-178-like primary amino acid sei 
referred to in this document as "hits". 

In addition to making highly specific 
each type peptide sequence to be search d, 
possible to make "hybrid" motifs. These m 
made by "crossing" two or more very string 
to make a new search algorithm which will 
only both "parent" motif sequences but als 
peptide sequences which have similarities 
other, or both "parents". For example, in 
"parent" sequence of GCN4 is crossed with 
possible "parent" motifs of DP-107. Now t 
motif must contain all of the amino acids 
A and D positions of both parents, and exc 
the amino acids not found in either parent 
other positions. The resulting hybrid frc 
GCN4 or [LMNV] {CFGIMPTW} and DP107 (28-mei 
first I* in the D position) or [ILQT]{CDFIK 
[ILMNQTV] {CFIMPT} . Notice that now only t 
hvHrld motifs exist which cover both frami 
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Hybridizations can be performed on any 
combination of two or more motifs, FIG. 17 
summarizes several three-motif hybridizations 
including GCN4, DP 107 (both frames), and DPI 7 8 
both frames) . Notice that the resulting motifs 
now becoming much more similar to each other, 
fact, the first and third hybrid motifs are act 
subsets of the second and fourth hybrid motifs 
respectively. This means that the first and th 
hybrid motifs are slightly more stringent than 
second and fourth. It should also be noted tha 
only minor changes in these four motifs, or by 
hybridizing them, a single motif could be obta 
which would find all of the sequences. Howevex 
should be remembered that stringency is also rc 
Finally, the most broad-spectrum and least-stri 
hybrid motif is described in FIG. 18 which sumn 
the hybridization of GCN4 , DP107 (both frames), 
(both frames) , c-Fos, c-Jun, c-Myc, and Flu loc 

A special set of motifs was designed basec 
fact that DP-178 is located only approximately 
amino acids upstream of the transmembrane spam 
region of gp41 and just C-terminal to a prolim 
separates DP107 and DP178. It has been postuli 
that DP178 may be an amphipathic helix when mei 
associated, and that the proline might aid in 1 
* r» < i i on the helix formation. The same 
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release 11.0). Of these, 1092 are viral e 
glycoprotein sequences (library file PVIRU 
Tables V through XIV contain lists of prot 
names and motif hit locations for all the 
searched . 

5 

10. EXAMPLE: COMPUTER-ASSISTED IDENTIFICA 

OF DP107 AND DP178-LIKE SEQl 
TW HUMAN IMMUNODEFICIENCY VI 

FIG. 20 represents search results fox 

10 isolate gp41 (PC/Gene protein sequence PE* 
Notice that the hybrid motif which crosses 
DP-178 (named 107x178x4; the same motif as 
FIG. 16 found three hits including amino i 
599, 636-688, and 796-823. These areas ii 

15 plus eight N- terminal and four c-terminal 
DP178 plus seven N-terminal and ten C-ten 
acids; and an area inside the transmembrai 
(cytoplasmic) . FIG. 20 also contains the 
obtained from searching with the motif nai 

20 for which the key is found in FIG. 17 ({CI 
<CFP}x5) . This motif also found thre hi' 
DP107 (amino acids 510-599), DP178 (615-7 
cytoplasmic region (772-841) . These hits 
hits found by the motif 107x178x4 with co 

25 additional sequences on both the amino an 
termini. This is not surprising in that 
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at: -the very C-tenninus of gpl20, just upstream < 
cleavage site (P7LZIPC and P12LZIPC) ; and 735-74 
the cytoplasmic domain of gp41 (P23LZIPC) . Thet 
results are found in Tables VIII , IX, and X und< 
same sequence name as mentioned above. Notice 1 
5 the only area of HXV-1 BRU which is predicted b: 
iAipas algorithm to contain a coiled-coil region, 
from amino acids 635-670. This begins eight am: 
acids N-terminal to the start and ends eight am: 
acids N-tenninal to the end of DP178. DP107, d< 
10 the fact that it is a known coiled coil, is n t 
predicted to contain a coiled-coil region using 
Lupas method. 

11.' EXAMPLE: COMPUTER-ASSISTED IDENTIFICATION 
15 OF DP107-LIKE AND DP178-LIKE 

SEQUENCES IN HUMAN RESPIRATORY 
SYNCYTIAL VIRUS 

FIG. 21 represents search results for Huma 
Respiratory Syncytial Virus (RSV; Strain A2) fu 

20 glycoprotein Fl (PC/Gene protein sequence name 
HRSVA) . Motif 107x178x4 finds three hits inclu 
amino acids 152-202, 213-243, and 488-515. Th 
arrangement of these hits is similar to what is 
in HIV-1 except that the motif finds two region 

25 similarities to DP- 17 8, on just downstream of 
would be called the DP107 r gion or amino acids 
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12. EXAMPLE: COMPUTER-ASSISTED IDENTIFICAT 

DP107-LIKE AND DP178— LIKE SEQ 
TN STMTAN IMMUNODEFICIENCY VT 

Motif hits for Simian immunodef icienc 
(A6M3 isolate; PC/ Gene protein sequence na 
5 PENV_SIVAG) are shown in FIG. 22. Motif 1 
finds three hits including amino acids 566 
624 , and 703-730. The first two hits only 
amino acids between them and could probabl 
combined into one hit from 566-624 which w 

10 represent a DPl07-like hit. Amino acids 7 
would then represent a DP178-like hit. AI 
finds three hits including amino acids 556 
like) , 651-699 (DP178-like) , and 808-852 v 
represents the transmembrane spanning regJ 

15 also has one region from 655-692 with a hi 
propensity to form a coiled coil as predic 
Lupas algorithm. Both 107x178x4 and ALLMC 
find the same region. SIV does not have i 
motif hits in gp41. 

20 The identification of DP178/DP107 an. 

second SIV isolate (MM251) is demonstratec 
Example presented, below, in Section 19. 



13. EXAMPLE: COMPUTER- ASSISTED IDENTIFIC 

DP107-LIKE AND DP178 LIKE S. 
25 IN CANINE DISTEMPER VIRUS 
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interest, including: amino acids 228-297, which 
completely overlaps both the I>upas prediction a 
DP107-like 107x178x4 hit; residues 340-381, whi 
overlaps the second 107x178x4 hit; and amino ac 
568-602, which is DP178-like in that it is loca 
5 just N- terminal to the transmembrane region. I 
overlaps another region (residues 570-602) pred 
by the Lupas method to have a high propensity t 
a coiled coil. Several PLZIP motifs successful 
identified areas of interest including P6 and E 
10 which highlight residues 336-357 and 336-361 

respectively; PI and P12LZIPC which find residv 
414; and P12 and P23LZIPC which find residues £ 
and 562-592 respectively. 

15 14. EXAMPLE: COMPUTER- ASSISTED IDENTIFICATION 

DPI 07 -LIKE AND DP 17 8 -LIKE SEQUENC 
IN NEWCASTLE DISEASE VIRUS 

FIG. 24 shows the motif hits found in Newc 
Disease Virus (strain Australia -Victoria/32; PC 

20 protein sequence name PVGLF_NDVA) . Motif 107x3 
finds two areas including a DPl07-like hit at i 
acids 151-178 and a DP178-like hit at residues 
512. ALLMOTI5 finds three areas including res: 
117-182, 231-272, and 426-512. The hits from * 

25 include a region which is predicted by the Lup« 
method to have a high coiled-coil propensity (< 
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(FIG. 25) . In addition, the two motifs ha> 
like hit just slightly C-terminal at amino 
241. Both motifs also have DP178-like hitt 
transmembrane region including amino acids 
462-512 respectively ♦ Several PLZIP motif 
5 also observed including 283-303 (P5LZIPC) , 

(P12LZIPC) , 453-474 (P6LZIPC) , and 453-481 
The Lupas algorithm predicts that amino ac: 
may have a propensity to form a coiled-c i; 

10 16. EXAMPLE: COMPUTER-ASSISTED IDENTIFICA' 

DP107-LIKE AND DP178-LIKE SE« 
INFLUENZA A VIRUS 

FIG. 26 illustrates the Lupas predict 
coiled coil in Influenza A Virus (strain A 

15 at residues 379-436, as well as the motif 
107x178x4 at amino acids 387-453, and for 
residues 380-456. Residues 383-471 (38-12 
were shown by Carr and Kim to be an extend 
coil when under acidic pH (Carr and Kim, 1 

20 73: 823-832). The Lupas algorithm predict 
coil at residues 379-436. All three methc 
successfully predicted the region shown tc 
have coiled-coil structure; however, ALLMC 
predicted the greatest portion of the 88 x 

25 str tch. 
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that several of 'the identified peptides exhibil 
antiviral capability. Additionally, it is shot 
several of -these peptides exhibit a substantia] 
helical character. 

17.1 MATERIALS AND METHODS 
structural analyses ; The CD spectra were 
measured in a lOmM sodium phosphate, 150mM sod: 
chloride, pH 7.0, buffer at approximately lOmM 
concentrations, using a 1 cm path length cell oi 
Jobin/Yvon Autodichrograph Mark V CD 
spectrophotometer. Peptides were synthesized 
according to the methods described, above, in ■ 
6.1. Peptide concentrations were determined f: 
using Edlehoch's method (1967, Biochemistry 6: 
Anti-RSV antiviral activity assays : The ; 
utilized herein tested the ability of the pept 
disrupt: the ability of HEp2 cells acutely infe 
with RSV ( i.e. . cells which are infected with . 
multiplicity of infection of greater than 2) t 
and cause syncytial formation on a monolayer o 
uninfected an uninfected line of Hep-2 cells, 
lower the observed level of fusion, the greate 
antiviral activity of the peptide was d termin 
be. 

Uninfected confluent monolayers of Hep- 2 
«w>^T.m -I « mi r^yrxi- i *-^t* uaIIs in 3% EMEM fEaa 



washed with DPBS (Dulbecco's Phosphate Buff 
w/o calcium or magnesium; Bio Whit taker Cat 
512F) and cell monolayers were removed with 
(1:5000; Gibco Life Technologies Cat, No. 1 
The cells were spun 10 minutes and resusper 
FBS. Cell counts were performed using a 
hemacytometer. Persistent cells were add c 
uninfected Hep-2 cells. 

The antiviral assay was conducted by, 
removing all media from the wells containii 
uninfected Hep-2 cells, then adding peptide 
dilutions described below) in 3% EM EM, and 
RSV- infected Hep2 cells per well. Wells w< 
incubated at 37 w c for 48 hours. 

After incubation, cells in control we! 
checked for fusion centers, media was renrcr 
wells, followed by addition, to each w 11, 
Crystal Violet stain or XTT. With respect 
Violet, approximately 50/il 0.25% Crystal V 
in methanol were added to each well. The 1 
rinsed immediately, to remove excess stain 
allowed to dry. The number of syncytia pe 
then counted, using a dissecting roicroscop 

With respect to XTT (2, 3-bis[2-Methox 
sulfophenyl}-2H-tetrazolium-5-carboxyanili 
salt) , 50/il XTT (lmg/ml in RPHI buff red w 
Mirmre tvh *7 . 9.-7.4. ulus 5% DMSO) were adde 
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2) peptides T-120 to T-141 and T-576, as shown i 
27B, and peptides T-X2, T-13 , T-15, T-X9 , T-28 1 
30, T-66, T-69, T-70 and T^576, as shown in FIG. 
and 

3) peptides T-67 and T-104 to T-119 and T-384, i 
shown in FIG. 28A, and peptides T-71, T-613 to \ 
T-662 to T-676 and T-730, as shown in PIG. 28B. 

The peptides of group 1 represent portions 
RSV F2 protein DPl78/107-like region. The pept: 
group 2 represent portions of the RSV Fl proteii 
DP107-like region. The peptides of groups 3 rej 
portions of the RSV Fl protein DP178-like regioi 

Each peptide was tested at 2-fold serial 
dilutions ranging from lOO/xg/ml to approximate 1; 
lOOng/ml. For each of the assays, a well conta 
no peptide was also used. The IC^ data for eac 
peptide represents the average of several exper 
conducted utilizing that peptide. 

17 . 2 RESULTS 
The data summarized in FIGS. 27A-B and 28A 
represent antiviral and structural information 
obtained from peptides derived from the RSV F2 
DP178/DP107-like F2 region (FIG. 27A-B) , the RS 
DP-107-like region (FIG. 27C-D) and the RSV DPI 
F2 region (FIG. 28A-B) . 

- — taTs~e* -> T TV _i^k nurnWav 13 



131, T-135 and T-137 to T-139, as dem nstr 
their low ICjo values. In addition, CD ana 
27A, 27C) reveals that many of the peptide 
some detectable level of helical structure 

The results summarized in FIG. 28A-B 
that a number of DP178-like purified pepti 
a range of potent anti-viral activity* Th 
include, for example, T-67, T-104, T-105 a 
T-119, as listed in FIG. 28A, and T-665 to 
T-671 to T-673, as listed in FIG. 28B. In 
some of the DP178-like peptides exhibited 
of helicity. 

Thus, the computer assisted searches 
hereinabove, successfully identified viral 
domains that represent highly promising ar. 
antiviral compounds. 

18. EXAMPLE: POTENTIAL HUMAN PARAINFLUE* 

TYPE 3 DP178/DP107 ANALOGS: 
ANTIVIRAL CHARACTERIZATION 

In the Example presented herein, hum* 
parainfluenza virus type 3 (HPIV3) peptide 
by utilizing the computer -as sis ted search 
described in the Examples presented in Se< 
15, above, were tested for anti-HPIV3 act: 
Additionally, circular dichroism (CD) stn 
analyses were conducted on the peptides, * 
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spectra were measured in a lOmM sodium phosphat 
150mH sodium chloride, pH 7.0, buffer at approx 
lOmM concentrations, using a 1 cm path length ce 
Jobin/Yvon Autodichrograph Mark V CD 
spectrophotometer. Peptide concentrations were 
determined from A 2S0 using Edlehoch's method (19< 
Biochemistry 6M948) . 

Anti-HPIV3 antiviral activity assays ! The 
utilized herein tested the ability of the pepti 
disrupt the ability of Hep 2 cells chronically i 
with HPIV3 to fuse and cause syncytial format ic 
monolayer of an uninfected line of CV-1W cells, 
more potent the lower the observed level of fus 
the greater the antiviral activity of the pepti 

Uninfected confluent monolayers of CV-1W c 
were grown in microtiter wells in 3% EHEM (Eag] 
Minimum Essential Medium w/o L-glutamine [Bio 
Whit taker Cat. No. 12-125F] , with fetal bovine 
[FBS; which had been heat inactivated for 30 mj 
at 56°C; Bio Whittaker Cat. Mo. 14-501F) supple 
at 3%, antibiotics/antimycotics (Gibco BRL Lif« 
Technologies Cat. No. 15040-017) added at 1%, < 
glut amine added at 1%. 

To prepare Hep2 cells for addition to unii 
cells, cultures of chronically infected Hep2 c< 
were washed with DPBS (Dulbecco's Phosphate Bu: 

*■-"•■» " '~ marrnoeinm; Rio Whittaker 



dilutions described below) in 3% EMEM, and 
chronically HPIV3-infected Hep2 cells per 
were then incubated at 37°C for 24 hours. 

On day 2, after cells in control vel3 
checked for fusion centers, media was remc 
wells, followed by addition, to each well, 
approximately 50pl 0.25% Crystal Violet s1 
methanol. Wells were rinsed immediately, 
excess stain and were then allowed to dry. 
of syncytia per well were then counted, us 
dissecting microscope. 

Alternatively, instead of Crystal Vic 
analysis, cells were assayed with XTT, as 
avove, in Section 17.1. 

Peptides ; The peptides characterize* 
study presented herein were: 

1) Peptides 157 to 188, as shown in FIG 
peptides T-38 to T-40, T-42 to T-46 . 
shown in FIG. 29B. These peptides a: 
from the DP107 region of the HPIV3 F 
protein (represented by HPF3 107, as 
FIG. 29A) ; and 

2) Peptides 189 to 210, as shown in FIG 
269, T-626, T-383 and T-577 to T-579 
FIG. 30B. These peptides are primar 
from the DP178 region of the HPIV3 F 
orotein (represented by HPF3 178, as 



ttOOng/mi. For each of the assays, a well cent 
no peptide was also used. 

18.2 RESULTS 

The data summarized in FIGS. 29A-B and 30 
represent antiviral and structural information 
obtained from peptides derived from the HPIV3 
protein DP107-like region (FIG. 29A-B) and th 
fusion protein DP178-like region (FIG. 3 0A-B) . 

As shown in FIG. 29A-B, a number of the H 
DP107-like peptides exhibited potent levels of 
antiviral activity. These peptides include, f 
example, peptides T-40, T-172 to T-175, T-178, 
and T-185. 

The results summarized in FIG. 30A-B demc 
that a number of the DP178-like peptides teste 
exhibit a range of anti-viral activity. These 
peptides include, for example, peptides 194 tc 
evidenced by their low IC^ values. In fact, f 
201 to 205 exhibit IC J0 values in the nanogram/ 
range. In addition, many of the DPl78-like ps 
exhibited some level of helicity. 

Thus, the computer assisted searches desc 
hereinabove, have successfully identified viri 
peptide domains that represent highly promisii 
HPIV3 antiviral compounds. 



amino acid residues 156-219 and 245-286. I 
-therefore, identify similar regions. 

Interestingly, the first SIV peptide i 
f i.e. , from amino acid residue 156 to apprc 
amino acid residue 219) correlates with a I 
region, while the second region identified 
approximately amino acid residue 245 to apj 
amino acid residue 289) correlates with the 
region of HIV. In fact, an alignment of S] 
MM251 and HIV isolate BRU, followed by a s< 
-the best peptide matches for HIV DP107 and 
reveals that the best matches are found wi1 
peptide regions identified by the 107xl78x< 
ALLMOTI5 search motifs. 

It should be noted that a potential c< 
region at amino acid residues 242-282 is pi 
the Lupas program. This is similar to the 
in HIV in which the coiled-coil is predict* 
Lupas program to be in the DP178 rather thi 
DP107 region. It is possible, therefore, - 
be similar to HIV in that it may contain a 
structure in the DP107 region, despite sue) 
structure being missed by the Lupas a Igor i* 
Likewise, it may be that the region corresj 
DF178 analog in SIV may exhibit, an undefin 
structure , despite the Lupas program 1 s pre> 
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20. EXAMPLE: COMPUTER- ASSISTED IDENTIFICATK 

DP178/DP107 ANALOGS IN EPSTEIN* 
VI EWS 

The results presented herein describe th< 
identification of DP178/DP107 analogs within i 
different Epstein-Barr Virus proteins. Epste: 
is a human herpes virus which is the causativ< 
of, for example, infectious mononucleosis (IM 
also associated with nasopharyngeal carcinomas 
Burkitt's lymphoma and other diseases. The v 
predominantly exists in the latent form and i: 
activated by a variety of stimuli. 

FIG. 32 depicts the search motif results 
Epstein-Barr Virus (Strain B95-8; PC/Gene® pr 
sequence PVGLB_EBV) glycoprotein gplio precur 
(gpll5) . The 107x178x4 motif identified two 
of interest, namely the regions covered by am 
residues 95-122 and 631-658. one PZIP region 
identified at amino acid residue 732-752 whic 
likely a cytoplasmic region of the protein, 
algorithm predicts a coiled-coil structure fo 
acids 657-684. No ALLMOTI5 regions were iden 

FIG. 33 depicts the search motif results 
Zebra (or EB1) trans-activator protein (BZLF1 
above-identified Epstein-Barr virus. This pr 
a transcription factor which represents the p 
mediator of viral reactivation. It is a memfc 
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at amino acid residues 193-220, as shown it 
The Lupas program predicted no coiled-coil 

21. EXAMPLE: COMPUTER- ASSISTED IDENTIFICJ 

DP178/DP10 7 ANALOGS IN MEAS1 

5 FIG. 34 illustrates the motif search 3 

the fusion protein Fl of measles virus, st] 

Edmonston (PC Gene® protein sequence PVGLF 

successfully identifying DP178/DP107 analo< 

The 107x178x4 motif identifies a sing! 

10 amino acid residues 228-262. The ALLM0TI5 

motif identifies three regions, including ; 

residues 116-184, 228-269 and 4 52-500. Th: 

containing proline residues followed by a 

zipper- like sequence were found beginning 

15 residues 214, 286 and 451. 

The Lupas program identified two regi 

predicted had potential for coiled-coil st 

which include amino acid residues 141-172 

20 22. EXAMPLE: COMPUTER- ASSISTED IDENTIFIC 

DP178/DP107 ANALOGS IN HEPA 
VIRUS 

FIG- 35 depicts the results of a PZIP 

search conducted on the Hepatitis B virus 

Two regions of interest within the major s 

25 antigen precursor S protein were identif ie 

first lies iust c-terminal to the proposed 
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putative DP178/DP107 analog regions. The pept 
synthesized according to standard Fmoc chemist 
Rinkamide MBHA resins to provide for carboxy t 
blockade (Chang, CD. and Meinhofer, J. , 1978, 
Pept. Protein Res. 11:246-249; Fields, G. B. an 
R.L., 1990, Int. J. Pept. Protein Res. 35:161- 
Foil wing complete synthesis, the peptide amino 
terminus is blocked through automated acetylat 
the peptide is cleaved with trif luoroacetic ac 
and the appropriate scavengers (King, D.S. et 
1990, Int. J.. Pept. Res. 36. : 255-266) . After c 
the peptide is precipitated with ether and dri 
vacuum for 24 hours. 

The anti-HBV activity of the peptides is 
by utilizing standard assays to determine the 
peptide concentration required to cause an acc 
( e.g. 90%) decrease in the amount of viral pr 
formed by cells exposed to an HBV viral inocul 
Candidate antivial peptides are further charac 
in model systems such as wood chuck tissue cul 
animal sy terns, prior to testing on humans. 

23. EXAMPLE: COMPUTER-ASSISTED IDENTIFICATIC 

DP178/DP107 ANALOGS IN SIMIAN I 
PFIZER MONKEY VIRUS 

The results depicted herein illustrate t* 

results of search motifs conducted on the simj 



24. EXAMPLE: COMPUTER-ASSISTED IDENTIFIC 

DP178/DP107 ANALOGS IN BACT! 
PROTEINS 

The results presented herein demons tr. 
identification of DP178/DP107 analogs cor: 
to sequences present in proteins of a vari 
bacterial species. 

FIG. 37 depicts the search motif resu 
Pseudomonas aeruginosa fimbria 1 protein (P 
regions were identified by motifs I07xl78x 
ALLM0TI5. The regions located at amino ac 
3 0-67 and 80-144 were identified by the 10 
motif. The regions at amino acid residues 
80-125 were identified by the ALLMOTI5 . 

FIG. 38 depicts the search motif resu 
Pseudomonas gonorrhoeae f imbrial protein < 
single region was identified by both the 3 
the ALLMOTI5 motifs. The region located £ 
residues 66-97 was identified by the 107x1 
The region located at amino acid residues 
identified by the ALLMOTI5 search motif, 
coil regions were predicted by the Lupas i 

FIG. 39 depicts the search motif rest 
Hemophilus Influenza fimbrial protein (Pi: 
single region was identified by both the : 
the ALLMOTI5 motifs. The region located i 
residues 102-129 was identified by the 10' 
mu« i a at* amino acid '. 
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region located at amino acid residues 102-148 
identified by the ALLMOTI5 search motif. No c 
coil regions were predicted by the Lupas progx 

FIG. 41 summarizes the motif search resu3 
conducted on the Staphylococcus aureus enterot 
Type E protein. These results demonstrate the 
successful identification of DP178/DP107 analc 
corresponding to peptide sequences within this 
protein, as described below. 

The ALLM0TI5 motif identified a region at 
acid residues 22-27. The 107x178x4 motif ider 
two regions, with the first at amino acid resi 
69 and the second at 88-115. A P12LZIPC motil 
identified two regions, at amino acid residues 
and 230-250. 

The Lupas program predicted a region wit! 
propensity for coiling at amino acid residues 
This sequence is completely contained within 1 
region identified by both ALLMOTI5 and 107x171 
motifs. 

FIG. 42 depicts the search motif results 
conducted on a second Staphylococcus aureus t< 
enterotoxin A. Two regions were identified b? 
ALLMOTI5 motif, at amino acid residues 22-70 i 
acid residues 164-205. The 107x178x4 motif f» 
regions, the first at amino acid residues 26-« 
the second at amino acid residues 165-192 . A 



55-115, and the second residing at amino a 
216-254. The 107x178x4 motif identified a 
region at amino acid residues 78-105. No 
regions were predicted by the Lupas pr gra 

25. EXAMPLE: COMPUTER-ASSISTED IDENTIFIC 

DP178/DP107 ANALOGS WITHIN 
HUMAN PROTEINS 

The results presented herein demonstr 
identification of DP178/DP107 analogs corr 
peptide sequences present within several d 
human proteins. 

FIG. 44 illustrates the search motif 
conducted on the human c-fos oncoprotein. 
ALLMOTI5 motif identified a single region 
acid residues 155-193. The 107x178x4 moti 
one region at amino acid residues 162-193. 
program predicted a region at amino acid x 
201 to have coiled-coil structure. 

FIG. 45 illustrates the search motif 
conducted on the human lupus KU autoantigi 
P70. The ALLM0TI5 motif identified a sine 
amino acid residues 229-280. The 107x1783 
identified one region at amino acid residi 
The Lupas program predicted a region at ai 
residues 232-267 to have coiled-coil stru< 
FIG. 46 illustrates the search motif 
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26. EXAMPLE^ POTENTIAL MEASLES VIRUS DP178/C 

ANALOGS: CD AND ANTIVIRAL 
CHARACTERI 2 ATION 

In the Example presented herein, measles 
virus DP178-like peptides identified by utiliz 

5 computer-assisted search motifs described in t 
Examples presented in Sections 9 and 21, above 
tested for anti-HeV activity. Additionally, 
dichroism (CD) structural analyses are conduct 
the peptides, as discussed below* It is demor 

0 that several of the identified peptides exhibi 
antiviral capability. Additionally, it is she 
none of the these peptides exhibit a substanti 
helical character. 

5 26.1 MATERIALS AND METHODS 

Structural analyses; The CD spectra were 
measured in a lOmM sodium phosphate, l50mM soc 
Chloride, pH 7.0, buffer at approximately lOn* 
concentrations, using a 1 cm pathlength cell c 

0 Jobin/Yvon Autodichrograph Mark V CD 

spectrophotometer. Peptide concentrations wei 
determined from A 2M) using Edlehoch's method (l 
Biochemistry £ : 1948) . 

Anti-M V antiviral activity syncytial rec 

5 assay ; The assay utilized herein tested the z 
of the peptides to disrupt the ability of Verc 



[FBS; which had been heat inactivated for : 
at 56°C; Bio Whittaker Cat. No. 14-501F) su 
at 10% , antibiotics/ant imycotics (Bio Whiti 
No. 17-602E) added at 1%, and glut amine adi 
To prepare acutely infected Vero cell: 
addition to the uninfected cells, cultures 
infected Vero cells were washed twice with 
Whittaker Cat. No. 10-543F) and cell monol 
removed with trypsin (Bio Whittaker Cat. N 
Once cells detached, media was added, any 
clumps of cells were dispersed, and hemacy 
counts were performed. 

The antiviral assay was conducted by, 
removing all media from the wells containi 
uninfected Vero cells, then adding peptide 
dilutions described below) in 10% FBS EMEK 
acutely MeV- infected Vero cells per well, 
then incubated at 37°C for a maximum of 18 
On day 2, after cells in control well 
checked for fusion centers, media was remc 
wells, followed by addition, to each well, 
approximately 50/il 0.25% Crystal Violet s1 
methanol. Wells were rinsed twice with w< 
immediately, to remove excess stain and w< 
allowed to dry. The number of syncytia pi 
then counted, using a dissecting microsco] 
A nti-MeV antiviral acti vity plaque r« 
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The antiviral assay was conducted by, fix 
removing all media from the wells containing 
uninfected Vero cells, then adding peptides (e 
dilutions described below) in 10% FBS EMEM, ar 
stock virus at a final concentration of 30 pis 
forming units (PFU) per well. Wells were ther 
incubated at 37°C for a minimum of 36 hours am 
maximum of 48 hours. 

On day 2, after cells in control wells we 
checked for fusion centers, media was removed 
wells, followed by addition, to each well, of 
approximately 50/il 0.25% Crystal Violet stain 
methanol. Wells were rinsed twice with water 
immediately, to remove excess stain and were t 
allowed to dry. The number of syncytia per we 
then counted, using a dissecting microscope. 

Peptides ; The peptides characterized in 
study presented herein were peptides T-252A0 t 
256A0, T-257B1/C1, and T-258B1 to T-265B0, and 
to T-268A0, as shown in FIG. 47. These peptic 
represent a walk through the DPl78-like regior 
MeV fusion protein. 

Each peptide was tested at 2 -fold serial 
dilutions ranging from 100/xg/ml to approximate 
100ng/ml. For each of the assays, a well cont 
no peptide was also used. 



WO 96/19495 



The IC5o values for such peptides were deter: 
shown in FIG. 47, and ranged from 1.35jxg/ml 
257B1/C1) to 0.072fig/»l (T-265B1) . None of 
like peptides showed, by CD analysis, a det 
level of helicity. 
5 Thus, the computer assisted searches d 

hereinabove, as in for example, the Example 
in Section 9, for example, successfully ide 
viral peptide domains that represent highly 
anti-MeV antiviral compounds. 

10 

27. EXAMPLE: POTENTIAL SIV DP178/DP107 AN 

ANTIVIRAL CHARACTERIZATION 

In the Example presented herein, simia 

immunodeficiency virus (SIV) DP178-like pep 

15 identified by utilizing the computer-assist 
motifs described in the Examples presented 
9, 12 and 19, above, were tested for anti-£ 
activity. It is demonstrated that several 
identified peptides exhibit potent antivira 

20 capability. 

27.1 MATERIALS AND METHODS 
Anti-STV antiviral assays : The assay 
herein were as reported in Langolis t al. 
25 A.J. et al. r 1991, AIDS Research and Human 
Retroviruses 7:713-720). 
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27.2 RESULTS 
The data summarized in FIG. 48 represents 
antiviral information obtained via "peptide wa." 
through the DP178-like region of the SIV TM pr< 

As shown in FIG. 48, peptides T-391 to 
tested and exhibited a potent antiviral activil 
crude peptides. 

Thus, the computer assisted searches descj 
hereinabove, as in for example, the Example pr< 
in Section 9, for example, successfully identii 
viral peptide domains that represent highly pre 
anti-SIV antiviral compounds. 

28. EXAMPLE: ANTI -VIRAL ACTIVITY OF DPI 07 ANI 

178 PEPTID E TRUNCATIONS AND MTTT1 

15 The Example presented in this Section repi 

a study of the antiviral activity of DP107 and 

truncations and mutations, it is demonstrated 

several of these DP107 and DP178 modified pept: 

exhibit substantial antiviral activity. 

20 

28.1 MATERIALS AND METHODS 
Anti-HIV assays: The antiviral assays pea 
were as those described, above, in Section 6.1. 
Assays utilized HIV-i/llib and/or HIV-2 NIH2 ii 
25 Purified peptides were used, unless otherwise i 
FIGS. 49A-C. 



5 



10 



which vary from the DP 17 8 sequenc 
acid sequence. Further, certain 
peptides have had amino- and/ or c 
terminal groups either added or 
as indicated in the figures; and 

2) FIG, 50. presents peptides which, 
truncations of DP107 and/or the c 
surrounding the DP107 amino acid 
HIV-1 BRU isolate. Certain of tt 
are unblocked or biotinylated , as 
in the figure. 

Blocked peptides contained an acyl N-1 
an amido C- terminus. 

28.2 RESULTS 
Anti-HIV antiviral data was obtained i 
group 1 DP178-derived peptides listed in F! 
The full-length, non-mutant DP178 peptide 
in FIG. 49A-C as T20) results shown are fo: 
In FIG. 49A, a number of the DP178 tr 
exhibited a high level of antiviral activi 
evidenced by their low IC,© values. These 
example, test peptides T-50, T-624, T-636 
645 to T-650, T-652 to T-654 and T-656. T 
represents a test peptide which contains a 
mutation, as indicated by the residue's sh 
hanVamnnri _ The HIV-l-derived test peptid 
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activity (1^= 3.ug/ml) . A number of additiona! 
peptides also exhibited a high level of antivii 
activity. These included, for example, T-61/T- 
217 to T-221, T-235, T-381, T-677, T-377, T-59< 
378, T-591, T-271 to T-272, T-611, T-222 to T-: 
T-60/T-224. Certain of the antiviral peptides 
point mutations and/or amino acid residue addii 
which vary from the DP178 amino acid sequence. 

In FIG. 49C, point mutations and/ or amino 
carboxy-terminal modifications are introduced : 
DP178 amino acid sequence itself. As shown in 
figure, the majority of the test peptides list* 
exhibit potent antiviral activity. 

Truncations of the DP107 peptide (referre* 
IG. 50 as T21) were also produced and tested, - 
in FIG. 50. FIG. 50 also presents data concer: 
blocked and unblocked peptides which contain 
additional amino acid residues from the gp41 r- 
which the DP107 sequence resides. Most of the 
peptides showed antiviral activity, as evidenc 
their low IC 30 values. 

Thus, the results presented in this Secti 
demonstrate that not only do the full length D 
DP178 peptides exhibit potent antiviral activi 
truncations and/ or mutant versions of these pe 
can also possess substantial antiviral charact 



29.1 MATERIALS AND METHODS 
rclectrophore tic Mobility Shift: Assays 
Briefly, an EBV Zebra protein was synthesis 
utilizing SP6 RNA polymerase in vitro trans 
and wheat germ in vitro translation systems 
Corporation recommendations; Butler, E.T. 2 
Chamberlain, M.J. , 1984, J. Biol. Chem. 
Pelham, H.R.B. and Jackson, R. J. , 1976, Eui 
Biochem. £2:247) . The in vitro translated 
protein was then preincubated with increas: 
of peptide up to 250 ng/ml prior to the ad< 
10,000 to 20,000 c.p.m. of a ^P-labeled Zel 
element DMA fragment. After a 20 minute ii 
the presence of the response element, the 
analyzed on a 4% non-denaturing polyacryla: 
followed by autoradiography, utilizing sta 
shift procedures. The ability of a test p 
prevent Zebra homodimer DMA binding was as 
peptide's ability to abolish the response 
migration retardation characteristic of a 
bound nucleic acid molecule. 

Peptides : The peptides characterized 
study represent peptide walks through the 
containing, and flanked on both sides by, 
DP178/DP107 analog region identified in th 
presented in Section 20, above, and shown 
•ft«- 33. specifically, the peptide walks 
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29.2 RESULTS 

The EBV Zebra protein transcription facto 
contains a DP178/DP107 analog region, as demon 
in the Example presented, above, in Section 20 
protein appears to be the primary factor respo 
for the reactivation capability of the virus, 
method by which the DNA-binding function of th 
virus may be abolished may, therefore, repr s 
effective antiviral technique. In order to id 
potential anti-EBV DP178/DP107 peptides, there 
peptides derived from the region identified in 
20, above, were tested for their ability to in 
Zebra protein DNA binding. 

The test peptides' ability to inhibit Zeb 
protein DNA binding was assayed via the EMSA a 
described, above, in Section 28.1. The data 
summarized in FIG. 51A-B presents the results 
assays of the listed EBV test peptides. These 
peptides represent one amino acid "walks" thro 
region containing, and flanked on both sides b 
DP178/DP107 analog region identified in the Ex 
presented in Section 20, above, and shown as s 
FIG. 33. As shown in FIG. 51A-B, the region f 
which these peptides are derived lies from EBV 
protein amino acid residue 173 to 246. A numb 
the test peptides which were assayed exhibited 
ability to inhibit Zebra protein homodimer DNA 
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of the invention, and functionally equivaler 
and components are within the scope of the i 
Indeed, various modifications of the invent j 
addition to those shown and described her ii 
become apparent to those skilled in the art 
5 foregoing description and accompanying draw: 
modifications are intended to fall within tl 
the appended claims. 

10 
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WHAT IS CL AIMED IS: 

1. An isolated peptide recognized by an 
AL.LM0TI5, 107x178x4 or a PLZIP sequence search 

2. The peptide of Claim 1 wherein the pi 
corresponds to a peptide present in a virus. 

3. The peptide of Claim 2 in which the * 
HIV-1 or HIV-2. 

4. The peptide of Claim 2 in which the 
a respiratory syncytial virus. 

5. The peptide of Claim 2 in which the 
a human parainfluenza virus. 

6. The peptide of Claim 2 in which the 
an influenza virus. 

7. The peptide of Claim 2 in which the 
a hepatitis B virus. 

8. The peptide of Claim 2 wherein the v 
an Epstein-Barr virus. 
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11. The method of Claim 9 wherein th< 
respiratory syncytial virus. 

12. The method of Claim 9 wherein th< 
human parainfluenza virus. 

5 

13. The method of Claim 9 wherein th 
an influenza virus. 

14. The method of Claim 9 in which t 
0 a hepatitis B virus. 

15. The method of Claim 9 wherein th 
an Epstein-Barr virus. 



20 
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Fusion vALLMOTlSv 

Peptide 4107x178x4+ 
V JLLQELS A AGSTMGARSM TLTVQ ARQ *LLSGIVOOO DP107-NNT. 



TMATRAOOIff- Tm.TVWGTKO MARHtAVRR YT.KDQ.DP107 £LL£4V I WCJC 



A 107x1 78r4 A 

V ALLMOTI5 v ♦ T.VS Coiled-Co«l» 

SGKLICTTAVP yWNASWS NKSLEQIWNN MTWM *E ★ WD RE I NN DP 178- 



YTSTJHSL TEESONOOEKNEOELLELDK* WASLWNWF-DPm HI 



4 Transmembrane Region ♦ 
TNWLWVIK * ♦ fP TMIVGGf.VGL ItrVPAVLSIV NRVRQGYSr PL 



•+P23LZIPC* 

SFQTHLPTPR GPDR 4.PEGEEE EGGERDRDRS IRLVNGSLAL IWDDLRSL* CL 



VALLMOTlSv * 107x178x4 * 

F YSYHRLRDLL LIVTRIVELL GRRGW a V.MACY WWNIJ^YAVSQ 



KIJCTiSAVCTJ, NAT a AIAVAEG TDRVIEWQG A v CRAIRHIPR 

R1RQGLERIL L 



FIG. 20 
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A 107x1 78x4 a 
LGVGSAIAS GVA a VSKVL.HI, EGF.VNTOKSA 



+P1&I2LZIPC* 



IJ.STNKAWfi I.SNCVSVLTS KVI,DI,KNYm KO* v LL 4.PIVNKQ 
♦ 107x178x4 A 

SC A SrSNTETV I * RFOOKTmRLLEITRERS^An A Vin»VSlTvn.TNSELLSL 
+PI&12LZIPC+ 



ENDM *PI vTNDQ KKLMSNNVQI V+ RQQSYSI* MS IIKEEVLAYV 
VQ r LPLYGVID TPCWKLHTSP LCTTNTKEGS NICLTRTDRG W YCDNAGS VS 
FFPQAETCKV QSNRVFCDTM NSLTLPSEIN LCNVD1FNPK 
YDCKIMTSKT DVSSSVITSL GAIVSCYGKT KCTASNKNRG 
IIKTFSNGCDYVSNKGMDTV SVGNTLYYVN KQEGKSLYVK G 



EPIINFYDPLVF *PSDE 4. roASISOVNKKrNOSI,AF vl* EKSDELL* 

♦Transmembrane Region 4 
HNYNA* GKSTTN 4 IMTTTI TTVTTVTT.T.S i.iAVCIJ.t.V v £♦ 

KARSTPVTLS KDQLSGINNI AFSN 



v ALLMOTI5 v 



+P7, 12.&23LZIPC+ 
A 107x178x4 a 



v AJLLMOTI5 v 



FIG. 21 
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Fusion 

Peptide vALLMOTISy a 107*178x4* 

mr*Vl,G vAAGTA MGAAA J /TAT/TVOSOHLLAGILOOOKNIXAAV 



a 1 07X173X44. 

EAQ4 QQM a f Ja .TIWGVKWT ,N ARV TAI .KICVLEDOARLN A AWGv CA 



T.VS Cotlcd-Coil* 
y ALLMOTI5 v + 107x1 78x4 * 
WKQVCHTTVP WQWNNRTPDW vNNMT «WI,E ^ WKROTSYLEGNTT 



♦ 107x178x4 a 

TOI,EEARAOEEKNLD * AYQKLSS* WSDFWSWv PDF *ILK 
♦Transmembrane Region* 

reFI,DVLCnci,m,I,VTV ♦ YS* ClARVRQGYS PLSPQIHIHP WKGQPDNAEG 



PGEGGDKRKN SSEPWQKESG TAEWKSNWCK RLTNWCSISS IWLYNS 



v ALLMOTI5 V 

vCLTL LVULRSAFQY IQYGLGELKA AAQEAWALA RLAQNAGYQlWLv 
ACRSAYRA IINSPRRVRQ GLEGILN 



FIG. 22 
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Fusion 
Peptide 



v ALLMOTI5 v 



4. 107xl7«x4 * 



EAQ v WL AGVALGVATA AQITAGIALHQ ** SNLNAOAT<7 



SL,RTSL,EQSNICAIEEIRRATOETVTA * VOCVQDY a VNNELv VP 

vALLMOnSv 
* 107x1 78x4 A 
*P6 & 12LZIPC+ 

AMQHMSCELVGQRLGLRLLRYYTELLSEFGPSLRD *PISA ♦ vEISIO ALfYAT, 



ffGEnffOT/EIO/GYSGSP A MIAILESRGIKTKI v THVDLPGKF IILSISY 



+P1 & I2LZIPC+ % 

4.PTLSEVKG VI VHRLEA V + SYNIGSQEWYTTVPRY1ATNGYLISNFDESSCVFVS 



ESAICSQNSL YPMSPLLQQC IRGDTSSCAR TLVSGTMGNK PILSKGNIVA 



NCASDLCKCY STSniNQSP DKJLLTFIASD TCPLVEEDGA TIQVGGRQYP 



*LVS Coiled-Coil* 
v ALLMOTI5 v 
+PI2&23LZIPC* 
DMVYEGKVAL G +PAISLD v RL+D VOTNT .ON A T Kin nn a trvr .tx 



DSS* NOILETVR RSV SFN ♦ FGSLLSWH.sctai, ai .t.i i.Tvrr* 
K RRYQQTLKQH TKVDPAFKPD LTGTSKSYVR SL 



♦ Transmembrane Ro.pinn ♦ 



FIG. 23 
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Fusion vALLMOnSv 

Peptide 4. 107x178*4^ 
y FIG AT IGSVALGVA TAAQITAASA UQANQNAAN <HLRLKE5EEA 



TIEAVHRVTnGKSOI.AVA *. VG KMv QQFVNDQFNNTAQELDCIKITQQV 



vALLMOTISy 

G VELNLYLTELTTV FGPQITSPAL v TQLTIQALYN AG GNMD YLLTKLG VG 



*P1 & 12LZIPC+ 

NNQLSSLIGSGLIT GNy +PILYDSQT QLLGIQVTLP S VGNLNNMRATYLET 



LSVST TKGFASALVP KWTQVGSV1 EELDTSYCIE TDLDLYCTRI VTFPMSPGIY 
SCLNGNTSAC MYSKTEGALT TPYMTLKGS V IANCKMTTCR CADPPGHSQ 



v ALLMOTT5 v 
a 107x178x4 * 

NYGEAVSLID RHSCN * V VLSLD GITLRLSGEF DATYQKNISI LDSQVIVTG 



N LDTSTRr. ONVNNSTSNAT,DK L>EESNS KT TiK VNVTCT.TSTSA ^LEC* YJA 



membrane Region ♦ 

LTAISI.VCGn^r.Vv a LACYT.MY4 KQKAQQKTLLWLGNNTLGQMRATTKM 



FIG. 24 
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Fusion v AJLLMOTI5 v 
Peptide a 107»1 78x4 A »LVS Coilcd-Coil* 
-EEfiGY Al£ VHALG * VATSA OITA A VA LVK A KO A RS D IRKT ,KK 



AIRnTNKAVOSVOSSTGNUVAIKSVO * PYVNKE v A IVPSIARLGCEAAG 



v ALLMOTI5 v 
A 107x178x4 A 

LQLGIALTQH 4> v YSELTNIFGDNIGSLOEKGnCLOGI AST.YRThflTP: v , 



+P5 & 12LZIPC* 

IIT^STVDKYDIYDLLFTT^IKWVIDVDLNDYSITLQVRL * PLLTRLLNTQIYR 
VDSISYNI* QNREWY1+ PLPSH1MTKGAFLGGADVKECIEAPSSYIC 
PSDPGFVLhfliEMESCLSGNlSQCPRTVVKSDIWRYAJFVn^GGVVANCI^ 
TCTCNGIGhnilNQPPDQGVKIITHKEChmGINGML^ 



vALLMOT15v 
a 107x178x4 A 
+P6 & 23LZIPC+ 

NDITLNNSVALD +PID1 *S1ELH v KAKSD1 JERSKKWI * RRSNOICI, ; 



♦Transmembrane Regions 
DSICNWHOSSTT ♦IHY* LIM IIILFHNVTII * IIAVKYYv R 

IQKJINRVDQN DKPYVLTNK 



FIG. 25 
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Fusion 
Peptide 

GLFCAI AGFIENGWEGMTOGWYGFRHQNSEGTG 



A 107x178x4 a 

VALLMOTI5V 

*Q VAADT.KST a QA ATT)OTNOKTL.NRVTE1<TT i JEKFHOIEKEPSEVEGRIO 



IMJBKYVKllTfnm. * WfryNAttIJ,VAI,F,NOHTT A DLTv DSEMNKLFEKTR 



RQLRENAEFJV1GNGCFKIYHKCDNACIESIRNGTYDIIDVYRDEALNNRFQIKG 



VELKSGYKDWILWISFAISCFLLCWLLGFIMWACQRGNIRCNIC1 



FIG. 26 
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Fusion VALLMOTI5V 
Peptide A 107x1 78x4 a 

— RNKRGVFVLGFLGFLATAGSAMGAAS at XXXXAO<mTT,T.Ar;iVOO<7r) ^ 

LLDVVin^QOFJ J T,RT,TVWnTimiX)TRVTATEKYI J KDOA0 T.ANAWfiv CAP 



YALLMOTL5 v 
*LVS Predicted Coiled -Coil 
RQVCHTTVPWPNASLTPDW *NND vTWQEWERKVDFLEENITALLEEAQIQQ 



A 107x178x4 A 

EKNMY aELOKLNSWP* YEv GNXXXxyxxyxxxxxxy xyyyyyyyyyYY A 



IYIVMLAKLRQGYRPWSSPPSYFQXTHTQQDPALPTREGKEGDGGEGGGNSSWP 



WQ1EY1HF 



WO 96/19495 
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MTRRRVI^VVVLLAAIV^CRI.GAQTPEQPAPPA 

[QCPSFGTRENHTEGLLMVFKDNIIPYSF 4>KVnKYTKTVTTm XYHGWY ATiSCVTVmrXT? * 
EKFSVDSY ETDQMDTIYQ CYNAVKMTKD GLTRVYVDRD GVNITVNLKP TGGLANGVRR 
SfASQTELYDA PGWLIWTYRT RTTVNCLITD MMAKSNSPFD FFVTTTGQTV EMSPFYDGKN 
SCETFHERADS FHVRTNYKIV DYDNRGTNPQ GERRAFLDKG TYTLSWKLEN RTAYCPLQHW 
3TFDSTIATE TGKSIHFVTD EGTSSFVTNT TVGIELPDAF KCIEEQVNKT HEKYEAVQD 
*YTKGQEAIT YFITSGGLLL AWLPLTPRSL ATVKNLTELT TPTSSPPSSP SPPAPSAARG 
3TPAAVLRRR RRDAGNATTP VPPTAPGKSL GTLNNPATVQ IQFAYDSLRR QINRMLGDLA 
IAWCLEQKRQ NMVLRELTKI NPTTVMSSIY GKAVAAKRLG DVISVSQCVP VNQATVTLRK 
JMRVPGSETM CYSRPLVSFS FINDTKTYEG QLGTDNEIFL TKKMTEVCQA TSQYYFQSGN 

» 107x1 78x4 * 

EIHVYNDYHH FKTIELDG1A TLQTFISLNT A SLIENIDFASI JT.I A^imFQRASNVFn *LE* 
k LVS Predicted Coiled Coil* TM Potential 

3IFREYNFQAQNI AG LRKDLDN A VSN * GRNQ FVDGLGELMDSLGSVG QS1TN 

*P12LZIPC* 
IM Potential TM Potential 

LVSTVGGLFSSLVSGFISF FK N +PFGGMLILVLVAGWILVISL* TRRTRQMS 
3QPVQMLYPG IDELAQQHAS GEGPGINPIS KTELQAIMLA LHEQNQEQKR AAQRAAG PS V 

\SRALQAARDRFPGLRRRRY HDPETAAALL GEAETEF 



Fl&. 32. 
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MMDPNSTSED VKPTPDPYQV PFVQAFDQAT RVYQDLGGPS QAPLPCVLWP VLPEPLPQGQ 
LTAYHVSTAP TGS WFSAPQP APENAYQAYA APQLFPVSDI TQNQQTNQAG GEAPQPGDNS 
TVQTAAAWF ACPGANQGQQ LADIGVPQPA PVAAPARRTR KPQQPESLEE CDSELEI 
@DNA Binding® A 107x1 78x4 a +Di m erization+ 

@KRY KNRVASRKCRAK a£K@ Q +LLO HYR R V A A AK.SSRNWH m T y w» . 
MCPSLDVD+ SI IPRTPDVLHE DLLNF 



F/£. 33 
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Fusion 

Peptide 

FAG 



V ALLMOTI 5 V » I,VS Coileri-Cnll * 

V WT AO A AT .GVATAAOTTAflTALHOSML» NSOAlDNT.R AST FTj^i 



OAIF.ATROAGQF.MT *T.AVQnvODYT>fNy ELIPSMNQLSCDLIGQKLGLKLLRYYT 



+P23LZIPC* 
♦P6.12LZIPC* 

A l07Tl78x4 A 

v ALLMOTI5 v 

EILSLFGPSLRD +PISA a v RTSfQALSYALGGDINKV * LEKLGYSGODT ,4. 



*P1,12LZIPC* 

LGJLESa RGIKARIv THVDTESYFIVLSIAY +PTLSEIKG VTVHRLEG V * SY 



MGSQEWYTTVPKYVATQGYLISNFDESSCTFMPEGTVCSQNALYPMSPLLQECL 



RGSTKSCARTLVSGSFGNRFILSQGNLIANCASILCKCYTTGT1INQDPDKILTY1AA 



v ALLMOTI 5 v 

* LVSCoiled-Coil + 

DHCPWEVNGVTIQVGSRRYPDAVYLHRIDLGP *P v IS* LERLDVGT>TLGN 



♦ Transmembrane Region ♦ 
AIAKLEDAKELL* ESSDQI*L* RSMK ♦ GLSSTSIVYILI v AVCLGGLIGIP 



ALICCC* RGRCNKKGEQVGMSRPGLKPDLTGTSKSYVRSL 



*P23LZIPC* 
4.P12LZIPC* 
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Pre SI and Pre S2 

MGQhnLSTSNPLGFFPDHQLDPAFRANTANPDWDF^ 

LGFTPPHGGLLGWSPQAQGILQTLPANPPPASTNRQSGRQPTPLSPPLR>TmPQAM 
QWNSTTFHQTXQDPRWGLYFPAGGSSSGTVNPVLTTASPLSSIFSRIGDPALN 

Major Surface Antigen (HBs) 
Fusion 
Peptide 

*P12 & 23LZIPC* 

MENITSG FLG *PLL VLQAGFFLLTRILTI * PQSLDSWWTSLNFLGGTTVCLG 

♦PI2&23LZIPC* 

QNSQSPTSNHSPTSCPPTC *PGYRWMCLWIFIIFLFILLLCLIFLLVLLDYQGML* 
PVCPLIPGSSTTSTGPCRTCMTTAQGTSMYPSCCCTKPSDGNCTCIPIPSSWAFGKF 



♦ Transmembrane Rfpinn* 
LWEWASARFSWLS ♦LLVPFVO WFVni.SPTVWl.^vu WMMWYWGPSL 



♦Transmembrane Region ♦ 

♦ Y STUSPFT .PLlPTFFry .w w t + 



FIG,. 35 
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Fusion v ALLMOTI5 v a 107x178x-4 a 
Peptide *LVS Coiled Coil 

AIQLIPLFVG LGI vTTAVSTGAAGLGVS A XX * OVTKT^HOT,TSI>V 

OATSSTTODI,QDQVDSLAEWLO * NRKGLDI,I,TAF,A QGGIv 

CLAiQEKCCFYANKSGIVRDKIKNLQDDLERRRRQLIDNPFWTSFHG 

FLPYVMPLLGPLLCLLLVLSFGPIIFNKLMTFIICHQIESrQAKPIQVHYH 

Transmembrane Region 
RLEQEDSGGSYLTLT ??????????????????????????? 
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MKAQKGFTLI ELMIVVAIIG ILAAIAIPQ 



♦ lfi2xl2Sx4> 
v ALLMOT15 v 

♦ V YODYTARTOVTRAVSEVSALKTAAESATT.F^yKTVSSA x TV 



PKDTQYDIGFT 



A 107x178x4 A 
v ALLMOTI5 v 

A VEST! J Ti (if j OKSOIQ VTDNODGTVELVATLQKSSfSS A A TKOAVTTVS R w 



KNDGV WNCKJTKTPT AWKPNYAPAN CPKS 



FIG,. 37 
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MNTLQKGFTL IELMIVIAIV GIL AAV ALP A YQDYTARAQV 



SEAILLAEGQ KSAVTEYYLN HGIWP 



A l07xl78x4 A 
VALLMOTI5 v 

a v ITONTS AOVASSSSTKn TrVVKRVKVTCNGWTATA 



MNSSNVNKEIQGKKLSLW AKRQDGS VKW v 



FCGQP VTRNAKDDTV TADATGNDGK IDTKHLPSTC RDNPDAS 



W 96/19495 PCT/VS9S/16733 

7872-020 (SHEET % OF 63) 

MKKTLLGSLI LLAFAGNVQA DINTETS GKV TFFGKWENT 
CKVKTEHKNL SWLNDVGKN SLSTKVNTAM PTPFITTLQN 

CDPTTANGTA NKANKVGLYF Y 

A 107x178x4 A 
v ALLMOTT5 v 

A VSWKNVDKKNNFTT KNKOTTAD V ATNTVNT a 
QLMESNGTKAIS WGKETE v 

DF MHTNNNGVAL NQTHPNNAHI SGSTQLTTGT NELPLHF1 AQ 
YYAT*JKATAG KVQSSVDFQI AYE 

FlSi. 3^ 



W 96/19495 
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MNKKLLMNFF I VSPLLLATT ATDFTPVP 

a 107x178x4 A 
vALLMOTTSv 

AvT^RN OTTCTAKASThrn NTynTJ^WV.SSGSPTFTNSAV 

EVLDNSL GSMRIKNTDG SISLIIFPSP YYSPAFTKGE KV 
A l07xl78x4 A 

a di.ntkrtkksohts^ tvthfotsovta 
n teklptpiel plkvkvhgkjd splkyg 

*P12LZIPC* 

* PKFDKKQL AI STLDFEI RH QLTQ1 * 

HGLYRSSDKT GGYWKITMND GSTYQSDLSK KFEYNTEKPP 
INIDEIKTIE AEIN 
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v ALLMOTI5 v 
MKKTAFILLL FIALTLTTSP L vVNG 



A 107x178x4 A 
*LVS Predicted Coiled-Coil* 
S A EKSEETNRKT>LRKKSTCTX>RNAT^NT^f>TV * YYNF.Tf A TTffNKFSnn a 



QFLENTLLv FKG FFTGHPW 



A 107x178x4 A 

A YNPU,VBLGSKT>AT^^C^GKKVDLYf?AY A 



YGYQCAGGTPNKTACMYGGVTLHDN NRLTEEKKVP INLWIDGKQTTV 
*P!2LZIPC* 

+PIDKVKTSKKEVTVQELDL* QARHYLHGK FGLYNSDSFGGKVQ 



*P12LZIPC* 

RGLIVF HSSEGSTVSY DLFDAQGQY +P DTLLRIYRDN KTINSENLHI* 



DLYLYTT 



FIG- Ml 
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V ALLMOTI5 v 
MKKTAFTLLL FIALTLTTSP L vVNGS 



^107xH 78x4 a 

A EKSEETNFKDT TtKTCSF.T ft OTA T .ONTl.KOIYYYT^KAKTENTCRSTTT) A 



FLQHTELFKG FFTDHSWYND LLVDFDSKDI VDKYKGKKVDLYGAYY 



GYQC AGGTPNKTAC MYGGVTLHDN NRLTEEKKVPINLWLDGKQNTV 



a !07x178x4 a 
v ALLMOTI5 v 
*P12LZIPC* 

*P vL a ETVKTNKKNVTVOFJ,DI,OARRYL * OEKYNLYN a 



SDVFDGKVQRv GL1VF HTSTE 



4.P23LZIPC* 

*PSVhrVTJLFGAQGQYShni.LRIYRDNKTrNSENMHI* DIYLYTS 



FIG,. MZ 
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MKNITFIFFILI^SPLYANGD^YRADSRPPDEIKRFRSLMPRGNEYFDP,GT 
v ALLMOTI5 v 

v QMNINLYDHARGTQTGF VRYDDG YV 
* 107x178x4 a 

A STSLSI M S AHL AG O YI"LS G VST .TTYT VT a ANMFNVNDVISVYv 
SP HPYEQEVSAL GGIPYSQIYG WYRVNFGVID ERLHRNREYR 
DRYYRNLNIA PAEDGYRLAG FPPDHQAWRE EPWIHHAPQG 

CGDSSRT1TG DTCNE 
v ALLMOTI5 v 

vETQNLSTnfLREYQSKVKRQIFSDYQSEVDIYNRIRDEL v 



WO 96/19495 
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MMFSGFNADY EASSSRCSSA SPAGDSLSYY HSPADSFSSM 

GSPVNAQDFC TDLAVSSANF IPTVTAISTS PDLQWLVQPA 

LVSSVAPSQT RAPHPFGVPA PSAGAYSRAG WKTMTGGRA 

*LVS Predicted Coiled-Coil* 
QSIGRRGKVE QLSPEEEEKR RIRRE *RNKMA AAK 

a107y178x4a 

v ALLMOH5 v 

VCRNRRREL A TnTT,OATC TrnOT.F.DEKSAI,QTETANLLKEKEKLv 
EFILAAH R* PACKIPDDL GFPEEMSVAS LDLTGGLPEV 
ATPESEEAFT LPLLNDPEPK PS VEPVKSIS SMELKTEPFD 
DFLFPASSRP SGSETARSVP DMDLSGSFYA LPLLNDPEPK 
PSVEPVKSIS SMELKTEPFD DFLFPASSRP SGSETARSVP 
DMDLSGSFYA GSSSNEPSSD SLSSPTLLAL 
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SGWESYYKTEGDEEAEEEQEpNLEASGDYKYSGRDSLIFLVDASKA 
MFESQSEDELTPFDMSIQCIQS VYIS KIIS SDRDLL A WFYGTEKDKNS 
VNFKNIYVLQEIi)M > GAKRJDLELDQF 
SI^EVLWVCANLFSDVQFKMSHKRIMUTTvE^ 

TKAGDLRDTGIFIX>LMHLICKPGGFDISLFYRDnSIAEDED 

A 107x1 78x4 * 
v ALLMOTI5 r 

*LVS Predicted Coiled-Coil* 

vLRVH *FEE ASSKLEDLLRKVRABCETRKRAI^RLKLKLNKDIV* ISV 

GIYNL VQKAL v KPPPIKJLYRETNA EPVKTKTRTFNTSTGGLLLPSDTKR 

SQIYGSRQIILEKEETEELKRFDDPGLMLMGFKPLVLLKKHHLRPSLFVYPE 
ESLVIGSSTLFSALLIKCLEKEVAALCRYTPRRNIPPYFVALVPQEEELDDQK 
IQVTPPGFQLWLPFADDKRKMPFTEKIMATPEQVGKMKAIVEKLRFTYRS 
DSFENPVLQQHFRNLEALALDLME 

+P12LZIPC* 

* PEQ A VDLTLPKVE AMNKRL + GSLVDEFKELVYPPDYNPEGKVTKR 
KHDNEGSGSKRPKVEYSEEELKTHISKGTLGKFTVPMLKEACRAYGLKSG 

LKKQELLEALTKHFQD 
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GGGALSPQHSAVTQGSIIKNKEGMDAKS 



4> 107xl78x4 A 
V ALLMOH5 v 

v a T.TAWSRTT .VTFKnVFVPFTREEWKLI,DT a AQQIVYRNV 
MLENYKNLVSLGYQLT v KPDVILRLEKGEEPWLVEREIHQETHPD 
SETAFEIKS S V S SRSEFKDKQS CDIKMEGMARMDL WYLSLEEVWKCR 
DQLDKYQENPERHLRHQLIHTGEKPYECKECGKSFSRSSHLIGHQKT 
HTGEEPYECKECGKSFSWFSHLVTHQRTHTGDKLYTCNQCGKSFVH 
SSRLIRHQRTHTGHKPYECPECGKSFRQSTHLILHQRTHVRVRPYECN 
ECGKS YS QRS HLV VHHRIHTGLKPFEC KDCGKC FS RS S HL YS HQRTH 
TGEKPYECHDCGKSFSQSSALIVHQRIHTGEKPYECCQCGKAFIRKN 
DUKHQRIHVGAETYKCNQCGIIFSQNS 

*P23LZIPC* 

*PFIVHQIAHTGEQFLTCNQCGTALVNTSNLIGYQTNHI* RENAY 



Fl6. 
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aaaEIIIIllHIIIBQCEBBEEEBEEBBBBBBBBBBBBIlBIBBBEIHIIHlilBBBSBBI 
SaSSIIIIIIMIIBBCBBBBBBBQQBBDBBBBBBBBBIIIIIiiiQIIIIMHBQDDDaDai 



2S22lll£0BBBQBQQEBBBQBnBQSQSQBQQBBBBBQIII||BBBSIIBBBSSEBBSBBBBSI 
CE33llluBBBQEBQQEBBQBGDBCQEBBBB&SBQBQQBIIBIBBSQIIQDQQQQQBQQQE3QQI 
CBaaillESESBSEBEEBBEESSEESBBSBBBSEBEBEIIIIIBBBS 
SSaSIIIBS&BBBBBBBBBBBBBBEBBBBBBBBBBBBBIHIIiiiQIIDDBBQQQQQQQQQQI 
SEBaillESSEBSBEBBSBEEEEEEEBEEEEEEESSEBIIIHBBSEIIEEEEEEEEBBBBBEl 
aaaailiaSEBBEEBEEBBBEEEBSBBBBBBBBBBSBBNIHBBBS 
3Ba5IIISSEBBBBEEBBBEBBEBBEBBEEEBBEBBBBIIIIIBBEBIIBBBBBDQBBBBBBBI 
aaaaillCBEBBBBBBCBBBBEBBBBBBBBBBBBBBBBIIIIIBBiQIIQQQQQQQQQQQQQQI 
aSSSIIIDSGBBSQQE3BQQBQQ°BBQQQBQQQDB°BDBIIIIIBBBBIIBEEEEBBEEBBBBBI 
aaaaHIBBBBBBBBBBBBBBSBBBBBBBBBBBBBBBBIIIIIBBBBIIBBBBBQBBDBBBBBl 
aaSCIIIEBEBEBEEEBBEEBBBEEEEEEEEEEEEBEBIIIIIBBBBIIBBEEBBBBBBBEBBI 
aaaaillCBBBBBBBBBBBBBBBBBBBBBBBBBEBBBBIIIIIBBBBIIBBBBBBBBBBBBBBI 
aBBaillBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBlllllBBBBIIBBBBBBBBOBBBBBI 
aBBBIIIBBBBBBBBBBBBBBBBBBBBflBBBBBBBBBBlllHBBBBIBBEBEBBBBBBBEEEl 
aSESIIIQBOBEBQEEQBBBBBBBEBBBQBBBBBBOEIIIIII&BBBllBEEEBBEEESEEEEl 
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